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CHAPTER I 
THE PROBLEM DEFINED 
1. Purpose 
Statement of the problem.-- The primary purpose of this experi-
mental study was to determine the relationship, if any, between sys-
tematic heavy resistive exercise and the range of selected joint move-
ments, speed of arm and leg movements, and hand and leg strength in 
high school boys. A secondary purpose was to determine the effect of 
¥eight training on selected anthropometric measurements. 
Scope of the study~-- This study was conducted on the secondary 
school level. The subjects were boys regularly enrolled in the required 
sophomore physical education classes of their respective schools. An 
experimental and a control group were used. None of the participants 
had had previous experience in organized systematic weight training. 
1. The experimental group consisted of 50 boys who engaged in 
seven systematic weight training exercises three days per week 
for a 12-week period. In each period, approximately 40 minutes 
were given to the weight training program. This group originated 
in Bellingham High School, Bellingham, Washington. 
2. The control group was composed of 50 boys who engaged in the 
required sophomore physical education class at Mt. Baker High 
iSchool, Deming, Washington. This class was scheduled three 
I 
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days per week and approximately 40 minutes were available for 
participation in each class period. Weight training was not 
included in the activities of the control group. 
Justification for the study.-- Until recently, the dominant opin-
ion among most athletic coaches, athletic trainers, athletes, and other 
interested personnel in athletics and physical education was that to 
exercise with heavy weights produced a condition termed "muscle-bound." 
This condition, however, has never been satisfactorily defined. Cap-
1/ 
retta, reporting the results of a questionnaire sent to 45 physiolo-
gists, to which he received 22 replies and only seven opinions concern-
ing the causes of the "muscle-bound" condition, summarizes the replies 
as follows: 
"The outstanding opinion seems to be that the condition 
of muscle-bound is associated with hypertrophy, and is a con-
dition of overgrowth or excessive development of muscles. It 
is seen commonly when training is associated with severe mus-
cular strain. The excessive development results in a condition 
of fibrosis resulting in a preponderance of fibrous linen in 
muscle bundles due to the amount of stress and strain to which 
the muscle is subjected." 
~/ 
Oureton quotes Fenn as stating the following with respect to 
this same condition: 
"Muscle-bound is a term applied to the general condition 
found in athletes accustomed to heavy muscular work involving 
the use of large masses of muscles without gradations and pre-
cise control. Here I suppose that the muscle fibers are over-
l( J. Capretta, "The Condition Called Muscle-Bound," The Journal of 
Health and Physical Education (February, 1932), 3:43. 
2YT. K. Cureton, "Flexibility as an Aspect of Physical Fitness'" 
Supplement to the Research Quarterly (May, 1941), 12:383. 
developed in relation to the nerve fibers so that one nerve 
fiber possibly controls a number of muscle fibers. This is 
reasonable if hypertrophy of the muscle involves an increase 
in the number of fibers. Tendon sense and muscle sense are 
poorly developed or else proprioceptive impulses are received 
en bloc rather than in detail. The subject performs delicate 
muscular movements awkwardly and without any fine adjustment. 
y 
In a more recent publication Woolfe states, ''The layman 1 s con-
cept of 'muscle-boundness 1 is that he cons~ders it as the partial or 
complete restriction of the normal movements of the limbs, due to 
heavy lifting .... 11 
Up to the present time, only a few scientific studies concerning 
3 
weight training have been published. These in the main have been con-
cerned with the following areas: (1) the speed and efficiency of muscle ( 
action as indicated by one or more tests of agility, power, and~· 
II ll !±I · 11 §_! 
speed of rotatory arm movements and muscular coordination; 
liM. H. Woolfe, Weight-Lifting Handbook and Leadership Guide, Games & 
Athl:etic Equipment Co~, Allston, Massachusetts, 1954, p. 1. 
i 
'I_IE .I K. Capen, "The Effect of Systematic Weight Training on Power, 
Strepgth, and Endurance," Research Quarterly (May, 1950), 21:83-93. 
'}_lw.' S. Zorbas and P. V. Karpovich, "The Effect of Weight Lifting upon 
the Speed of Muscular Contractions," Research Quarterly (May, 1951), 
22:145-148. 
!±IE. Chui, "The Effect of Systematic Weight Training on Athletic Power," 
Research Quarterly (October, 1950), 21:188-194. 
liB. M. Wilkin, "The Effect of Weight Training on Speed of Movement, 11 
Research Quarterly (October, 1952), 23:361-369. 
!2,1 J. ,W. Ma~ely, A. Hairabedian, and D. N. Donaldson, "Weight Training 
in Relatiozt to Strength, Speed and Co-ordination, 11 Research Quarterly 
(October, 1953), 24:308-315. 
,;··" 
/ 
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4 
Y~V Y~Y (2) physical fitness; and (3) range of joint movement. 
1 A comprehensive study and review of the literature pertaining to 
\ ~eight training and related areas indicated that: 
1. Nearly all of the studies in this area have used adult male 
subjects, and the number of participants has been relatively 
small. 
2. No study has yet been reported that attempts to indicate the 
relationship, if any, of weight training with the range of 
joint movements in adolescent boys. 
3. Only a few studies have been reported that indicate the effect 
of weight training on speed of movement. Both increases .and 
decreases in speed have been reported. 
4. Only a few studies have thus far been conducted, mostly on the 
adult level, that have indicated the relationship of weight 
training and strength. 
}jA. L. Wilson, ·The Effect of Weight Training on the Physical Fitness 
of Young Men,- Unpublished Master's Thesis, Universtty of Illinois, 1947. 
1/A. E •. Brodt, Change in Physical Fitness Associated with Weight Lift-
ing, Unpublished Master's Thesis, University of Illinois, 1950. 
l/I. S. Black, The Effect of Weight Training on Physical Fitness Index 
of High School Boys, Unpublished Master's Thesis, Boston University, 1956. 
f±/J. E. Counsilman, "Does Weight Training Belong in the Program?" Journal 
of Health, Physical Education, and Recreation (January, 1955), 26:17-18. 
!j_/J . 1 R. Leighton, "Are Weight Lifters Muscle Bound?" Strength and 
Health (March, 1956), pp. 16 +. 
§./B. H. Maqsey and N. L. Chaudet, "Effects of Systematic, Heavy Resis-
tive Exercise on Range of Joint Movements in Young Male Adults," 
Research Quarterly (March, 1956), 27:41-51. 
5 
It is this writer's intention to make available to coaches, phys-
ical education directors, administrators, and other interested person-
nel a source of scientifically accurate information on the various 
effects, as limited by this study, of weight training on adolescent 
boys. It is hoped that with this information school administrati~e. 
officials and physical education personnel may more accurately appraise 
the value of weight training as an activity in the physical education 
program at the secondary school level. 
This writer. believes he can materially add to the scientific data 
now available concerning weight training. A study conducted with a 
group substantially larger than used in other studies, by experimenting 
with younger students to determine if the conditions reported in the 
literature are constant for a younger age group, and by studying a group 
in which the age span is markedly closer than reported in other studies 
can supply valuable information in this area. 
2. Delimitation 
The test battery.-- Fourteen measurement items were recorded for 
each subject in the experimental and control groups. The test battery 
included five measures of flexibility, two tests of speed, two tests of 
strength, and two measurements of girth circumference. Age, height, 
and weight were also included in the battery items. 
The experimental groups.-- This study was composed of an experi-
I m~ntal and a control group. The experimental group consisted of 50 
I b?ys enrolled in the required sophomore physical education classes at 
6 
~ellingham High School, ~ellingham, Washington. This group engaged in 
weight training exercises three days per week for a 12-week period. 
The control group consisted of 50 sophomore boys enrolled in the required 
physical education class at Mt. Baker High School, Deming, Washington. 
The basic factors used to equate the experimental and control groups 
were chronological age, right-hand grip strength, and the Wetzel grid. 
Only the physique channels and the isodevelopmental level of the grid 
were used. 
The two high schools from which the study population was taken are 
located in the extreme northwestern section of the United States. It 
was not necessarily assumed· that this group is typical of adolescent 
boys in other sections of the country. 
CHAPTER II 
REVIEW AND ANALYSIS OF RELATED RESEARCH 
Introduction.-- Measurements of various abilities and capacities, 
,such as flexibility, strength, power, balance, speed, and energy as ex-
pressed in various bodily movements and activities, have served as the 
hasis of many investigations in the area of physical education. Sig-
nificant contributions in these areas have also been made by members of 
the medical profession. Research in these and other areas assist phys-
~cal educators to gather accurate facts and information which are funda-
mental to the development of sound principles and practices. 
1. Weight Training 
Introduction.-- It has been known for centuries that a person 
lifting progressively larger loads will increase in muscle strength. 
One of the first weight lifters in recorded history was the famous 
ll 
Greek wrestler of the ancient Olympic Games, Milo of Crotona. In 
preparing himself for the all-out wrestling contests, Milo is reported 
to have practiced lifting a young bull and walking with it on his shoul-
ders. This exercise was repeated daily until the bull grew to its full 
size. Milo's principle of gradual progression from relatively light to 
l{J. A.!Murray and P. v. Karpovich, Weight Training in Athletics, 
P,-entic~-Hall, Inc., Englewood Cliffs, New Jersey, 1956, p. 3. 
-7-
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heavy weight is followed today by those who develop strength and im-
prove physical condition by exercising with adjustable barbells and 
dumbbells. 
A recent wave.of interest in weight training has spread throughout 
'the nation, in the direction.of building strength and better physiques. 
1/ 
~urray- believes that one of the reasons for the rapid growth in weight 
resistance exercise is. that everyone is at least slightly interested in 
presenting a respectable appearance. 
Definition.-- Weight training as used in this study refers to a 
systematically planned program of exercises in which the participant 
uses weights and barbells to increase the resistance of a number of 
bodily movements. This includes a number of repetitions with resist-
ance adjusted to the participant's strength. As the individual gains 
J:.l 
in strength, the resistance load is increased. Weight training as 
used in this study~ not to be confused with weight lifting. The latter 
'efers to a competitive sport in which the participants are divided_into 
weight classifications according to body weight and are required to per-
form specific lifts according to strict.rules. 
Studies related to weight training in the medical profession.--
Since 1944 an interest in the development of strength through the lift-
ing of weights has been investigated by various individuals of the med-
1/J. Murray, Weight Lifting and Progressive Resistance Exercise, 
A. S. Barnes and Company, New York, 1954, p. 11. 
J:.{E.. Chid, op. cit .. , p. 188. 
' 
' 
9 
1./ 
ical profession. Dr. Thomas L. DeLorme, at the Gardiner General 
Hospital, Chicago, Illinois, developed a program of heavy resistance, 
low repetition exercise based on weight lifting. This program was a 
last resort experiment used by the doctor to restore the use of a wounded 
knee of a World War II veteran. The plan consisted of weight resistance 
exercises in which weight was added as strength increased. The veteran 
not only gained use of the wounded limb, but regained almost normal 
motion and support and full strength. This was the beginning of a move-
ment in the medical profession for the use of heavy resistance exercise 
programs in clinics, hospitals, and medical offices throughout the 
Jj 
country. DeLorme's early method of heavy resistance exercise con-
sisted of 70 to 100 repetitions in which the weight.varied but did not 
exceed a ten-repetition maximum. (Ten-repetition maximum means the 
heaviest weight that can be used successfully. to perform an exercise a 
maximum of ten times.) In 1948 heavy resistance exercise was renamed 
''progressive resistance exercise" by DeLorme, as it was thought the 
former term gave rise to some false implications and was widely mis-
understood. Under the new term this method of exercise was changed to 
include fewer repetitions and permitted exercise with heavier muscle 
loads. The revised method is as follows: 
First set of ten repetitions use .1/'L of the ten-repetition maximum. 
1/T. L. DeLorme, "Restoration of .Muscle Power by Heavy-Resistance Ex-
ercises.," Journal of Bone and Joint Surgery. (October, 1945), 27:645-667. 
I I ~Ibid., p. 666. 
I 
I 
I 
10 
Second set of ten repetitions use 3/4 of the ten-repetition maximum. 
1/ 
Third set of ten repetitions use ten-repetition maximum.-
This change was shown to yield greater and more rapid muscle hyper-
trophy. DeLorme has concluded that low repetitions, high resistance 
exercises produce power, while high repetitions, low resistance exer-
:cises produce endurance; neither type of exercise is capable of produc-
Jj 
ing the results obtained by the other. DeLorme and Watkins have stated 
the objective of progressive resistance exercise as follows: 
"It is an established physiological fact that strength 
can be augmented significantly only by contracting against a 
degree of resistance that calls forth maximal effort. As 
contractile power increases, the resistance against which the 
muscle pitsfrs tension must become progressively greater and 
greater. The major resultant of any exercise system based on 
such a plan is the development of strength. Such then is the 
dominant objective of the progressive resistance exercise 
program." 
A number of investigations within as well as outside the medical 
profession have studied the effect of various weight training programs 
ll 
on the development of muscular strength. Houtz and associates in-
vestigated the influence of the DeLorme method of heavy resistance ex-
~rcise on hand curls and knee joint extension in 16 females. There-
sults of this investigation revealed that the subjects more than doubled 
J./T. L. DeLorme and A. L. Watkins, "Technic of Progressive Resistance 
Exercise," Archives of Physical Medicine (May, 1948), 29:263-273. 
~/T. L. DeLorme and A. L. Watkins, Progressive Resistance Exercise, 
Appleton-Century-Crofts, Inc., New York, 1951, p. 6. 
jjs. J ., Houtz, A. M. Parish, and F. A. Hellebrandt, "The Influence of 
Heavy Resistance Exercise on Strength," Physical Therapy Review (May, 
1~946)' 26:289-304. 
' 
11 
ll 
their strength in a four-week period. Walters found that ten repe-
titions proved to be better for the development of muscular strength 
than 20 to 22 repetitions. The results of this study agree with De-
J:/ 
Lorme's opinion concerning high and low repetitions. Henry compared 
the DeLorme method with a variation of the DeLorme method. The varia-
it ion was as follows: 
First set of repetitions use ten-repetition maxiiDDill. 
Second set of repetitions use ten-repetition maximum as many 
times as possible. 
Third set of repetitions use 3/4 of the repetition maximum as 
many times as possible. 
~t was concluded that no significant difference resulted between the 
11 
two methods. Faulkner, conducting a study similar to that of Henry's, 
compared the DeLorme method with still another variation. The subjects 
in this investigation exercised as follows: 
First set of ten repetitions use 1/2 of the ten-repetition maximum. 
Second set of ten repetitions use ten-repetition maximum. 
Third set of ten repetitions use 3/4 of the ten-repetition maximum. 
l_/B. R. Walters, The Relative Effectiveness of High and Low Repetitions 
in Weight Training Exercises on Strength, Unpublished Master's Thesis, 
State University of Iowa, 1949. 
iJc. G. Henry, A Comparison of the Effectiveness of Two Methods of Ex-
ercise for the Development of Muscular Strength, Unpublished Master's 
Thesis, State University of Iowa, 1949. 
I 
'}_/E. W ,; Faulkner, A Comparison of the Effectiveness of Two Methods of 
Exercise for the Development of Muscular Strength, Unpublished Master's 
~hesis,: State University of Iowa, 1950. 
I 
12 
·No significant differences were recorded in the two metbods studied. 
With the aid of. 159 university freshman divided into eight groups, 
1/ 
Capen investigated the development of muscular strength from four 
programs of heavy resistance exercises. A finding of this. study re-
vealed the weight training group that utilized the heaviest that would 
permit a maximum number of five repetitions were superior in the devel-
opment of strength to the other programs studied. It was also concluded 
that training with weights three days per week was as adequate for de-
veloping strength as exercising five days per week. 
Investigation has revealed that strength gained through weight 
training exercises is retained.long after the exercise period has been 
II 
discontinued. Houtz and associates conclude that strength gained 
over a given period did not diminish appreciably in a period equal in 
}../ 
length following the cessation of exercise. Gallagher and DeLorme 
.gave progressiv~ resistance exercise to 25 boys with knee injuries and 
·found that the strength.of the quadricep muscles could be grea.tly imc 
proved in an, eight-week period. One year after the exercise program 
.had stopped, these. same boys maintained a high level of the maximum 
•strength they had gained . 
.l/E. I<. Capen, "Study of Four Programs of Heavy Resistance Exercise for 
. Development of Muscular Strength," Research Quarterly (May, 1956), 27: 
.141. 
I 
£/S. J .. Houtz, A. M .. Farish, and F. A .. Hellebrandt, op. cit., p. 30~. 
}../R, J, Gallagher and T. L. DeLorme, "The Use of the Technique of.Fro-
gressive-Resistance Exercise in Adolescence, 11 Journal of Bone and Joint 
Surgery (October, 1949), 31A:847-858. 
13 
A reversal of the principle adopted by DeLorme--heavy resistanee, 
Jj 
low repetitions--was used by Zinovieff. In attempting to use the 
DeLorme technique, Zinovieff found that his subjects' performance fell 
off during the third set of repetitions because of fatigue. He there-
fore developed the "Oxford Technique" in which the exercise period 
,started with ten-repetition maximum and the weight was reduced at the 
end of each group of ten lifts; 100 lifts -constituting a session. 
Zinovieff believed the fall in resistance could be made to approximate 
:the fatigue in the muscle, and in each group of ten lifts the muscle 
Jj 
would be exercised to maximum capacity. Hellebrandt and Houtz dis-
ilgreed with the theory of the "Oxfo.rd Technique" and stated: "This is 
contrary to the whole theo.ry of overload training. Indeed, it violates 
the basic concept on which the overload training is based." 
ll 
MacQueen reviewed the literature on the techniques employed in 
progressive resistance exercise programs and listed two prevailing prin-
ciples of application; 
11 (1) the use of as great a resistance as possible over a 
relatively large number of .repetitions, and (2) the concentra-
tion of the will on producing extreme contraction of a muscle 
while it is working against an increasing resistance." 
))A. N. Zinovieff, "Heavy-Resistance Exercises, The 'Oxford Technique,"' 
British Journal of Physical Medicine (June, 1951), 14:129-132. 
JjF .. A. Helil:ebrandt and S. J. Houtz, "Mechanisms of Muscle Training in 
Man: Experimental Demonstration of the Overload Principle, 11 The Phys-
ical Therapy Review.(June, 1956), 36,373. 
I 1/I .. J. MacQueen, "Recent Advances in Technique of Progressive Resist-
ance Exercise," British Medical Journal (November, 1954), 2:1196. 
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1..1 
Baer and his co-workers studied the effects of various exercise 
programs on isometric tension, endurance, and reaction time. Sixty-
three subjects were divided into six groups. The exercise programs 
were conducted using isotonic and isometric exercises involving the 
wrist flexors and a complex exercise of the entire upper arm. The sub-
;jects exercised five days per we<Ok. In summarizing their experiment, 
the authors concluded: 
'~ximal increase in isometric tension was produced by 
isometric exercise at a slow rate (10/minute), although heavy 
resistance isotonic exercise at the same rate (10/minute) pro-
duced an increase in isometric' tension which was almost as 
great. During the period studied, no significant increase in 
isotonic tension resulted when the rate of exercise was in-
creased to 30/minute, even when the load was the same or 
greater than the slow rate of exercise." 
Other interesting comments made by Baer concerning the development 
of isometric tension are presented below: 
"As far as isometric tension was concerned, particular 
emphasis was. placed_ on the rate at which the __ exercise was per-
formed. Although the rate of exercise is not usually con-
sidered a critical factor, there is much evidence relating 
tension developed by muscle to the velocity of shortening, and 
other observations relating hypertrophy of muscle to the amount 
of tension developed during contraction. Thus it would seem 
that the speed of exercise was a parameter which could not 
easily be ignored."?:./ 
"it is readily apparent that neither total work nor power, 
in the physical sense (work per unit of time), is a major fac-
tor in determining the improvement in isometric tension after 
exercise programs.!/ 
])A. D. Baer, et al., "Effect of Various Exercise Programs on Isometric 
Tension, Endurance and Reaction Time in the Ruman," Archives of Physical 
Medicine and Rehabilitation (August, 1955), 36:495. 
2/Ibid., p. 495. r-
"The connnon denominator which can explain the improve-
ment in isometric tension may be the tension developed by the 
muscle during the exercise. It has been shown that the ten-
sion which a muscle produces during contraction decreases as 
the speed of shortening increases.'1/ 
J) 
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Hellebrandt and Houtz conducted an experiment in which the work 
assignment was divided into bouts of 25 lifts. The bouts were performed 
on the Kelso-Hellebrandt ergograph.with rest periods, equal to the dura-
tion of the exercise periods, following the work assignment. Seventeen 
subjects, eight male and nine female, participated in the experiment. 
The authors listed the following conclusions: 
''First, strength and endurance increase when repetitive 
exercise is performed against heavy resistance. Second, the 
slope gradient of the graining curve varies with the magnitude 
of the stress imposed, the frequency of the practice sessions, 
and the duration of the overload effort. Third, mere repeti-
tion of contractions which place no stress on the neuromuscular 
system has little effect on the functional capacity of the 
skeletal muscles. Fourth, the amount of work done per unit 
time is the critical variable on which extension of the limits 
of performance depends. Fifth, the speed with which functional 
capacity increases suggests that central nervous system changes 
contribute an important component to training. Sixth, the abil-
ity to develop maximal tension appears to be dependent on the 
proprioceptive facilitation with which overloading is associated. 
Seventh, no evidence was forthcoming in support of the validity 
of currently popular technics of administering progressive re-
sistance exercise clinically." 
The proper weight load for the development of quadricep muscles 
and the maximum single repetition for elbow flexion have been reported. 
11 
Clarke and Herman examined the validity of isometric strength measure-
])A, D. Baer, et al., op. cit., p. 500. 
i/F. A. Hellebrandt and S. J. Houtz, op. cit., pp. 382-383. 
'}_/D. H. Clarke and E. L. Herman, "Objective Determination of Resistance 
Load for Ten Repetitions Maximum for Quadriceps Development," Research 
Quarterly (December, 1955), 26:390. 
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ments in expressing isotonic strength. Thirty subjects were given five 
extension exercise bouts based on 30, 35, 40, 45, and 50 per cent of 
their quadriceps strength as measured with an aircraft tensiometer. 
,These writers concluded: 
" .... a resistance load equal to 50 per cent of the strength 
of the muscles tested was found to be a reasonably satisfactory 
method of objectively determining the amount of weight necessary 
£or ten repetitions maximum in exercising the knee extension 
muscles. Nearly a straight line decrease in the mean number of 
repetitions resulted when the weights used varied from 30 to 50 
per cent of knee extension strength. Similar results were ob-
tained separately for both the right and left legs. 11 
)j 
Rasch, with the aid of 24 male students at the College of Osteo-
pathic Physicians and Surgeons, studied the relationship between a 
single maximum isometric contraction and a single isotonic elbow flexion. 
He concluded that the use of the strain gauge to determine a single max-
imum isometric contraction permits the same poundage to be used in de-
termining.the proper load for a single maximum elbow flexion. 
Opinions concerning the development of strength by the use of the 
2/ 
overload principle have varied. According to Hellebrandt and Houtz:-
"The rapidity with which overload stress increases the 
capacity for severe exercise suggests that this limit be due 
in large measure to changes in the central nervous system re-
lated to motor learning. It cannot be due, initially at any 
rate., to alterations in the anatomical structure.H 
Working with one subject on strengthening the quadricep muscles, 
1/P. J. Rasch, "Relationship Between Maximum Isometric Tension and 
Maximum Isotonic Elbow Flexion," Research Quarterly (March, 1957), 
28:85. 
2,/F. A. Helle brandt and .S. J. Houtz, op. cit., p. 382. 
: 
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l/ 
Laurence states: 
"In dynamic exercise for the development of strength, maxi-
mal tension is developed as the muscle works against increasingly 
heavy loads, thereby activating a greater number of motor units 
through strong voluntary innervation reinforced by increased pro-
prioceptive stimuli from the exercising muscle. This is neces-
sary since according to the 'all-or-none' theory, each motor unit 
which responds, responds maximally. 
"Possibly in. combined dynamic and static exercise the de-
sired effect, activity of the greatest number of motor units in 
the exercising muscle, is called forth serially to a greater de-
gree than normally by prolonging the duration of the contraction 
to the fatigue zone, rather than by maximal effort against a load." 
Jj 
Rudd expresses the opinion that resistance exercise for thera-
peutic purposes can be used more extensively in private medical prac-
tice if modifications are adopted. The use of moderate weight and rep-
etition lifting, without the need for exact weight load, repetitions, 
or rest intervals, is suggested. 
Studies related to physical education and athletics.-- Prior to 
1948 only a few writers in the field of physical education recommended 
ll 
weight lifting as beneficial for body development. Edwards suggests 
that weight lifting is one of the best means for increasing strength 
and should be included in physical education programs. He believes 
that if the youth of this country are to stay physically fit, they need 
]JM. S. Laurence, "Strengthening the Quadriceps: Progressively Pro-
longed Isometric Tension Method," Physical Therapy Review (October, 
1956), 36:659-660. 
2/J. L. Rudd, "Resistance Exercises in Private Practice," Archives of 
Physical Medicine and Rehabilitation (December, 1955), 36:77 5-778. 
3/E. Edwards, "Physical Fitness Through. Weight Lifting, 11 Journal of 
Health and Physical Education (December, 1940), 11:606-607. 
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to participate in activities of a vigorous nature. A program using 
).J 
weights for body building is also recommended by Strain. His program 
is based on progression, starting with five repetitions with each exer-
cise and increasing the repetitions until ten can be reached without 
,straining. 
Based on the premise that strength is a vital prerequisite to 
2,./ 
agility, endurance, and certain skill activities, Morehouse and Rasch 
suggest a beginning weight training program of three days per week for. 
high school boys. These authors recommend the program as an excellent 
means of improving strength and building up underweight pupils. 
11 
Wilson conducted a study to determine the effect of weight train-
ing on physical.fitness. His subjects exercised three periods a week 
for one semester, The physical.fitness of the groups was based on 
physique, organic efficiency, cardiovascular efficiency, strength, bal-
ance, flexibility, agility, and power. This study revealed that weight 
'training affected the quality of fitness of the experimental group by 
increasing strength, flexibility, balance, and agility, and produced 
increases and decreases in muscle girth. The data indicated that the 
weight training program had little effect on the cardiovascular system. 
Three of the early scientific experiments which appear to have 
1/D. E. Strain, "Body Building with Weights," Journal of Physical Edu-
~ation (March-April, 1945), 42:76-77. 
2,./L. Morehouse and P. J. Rasch, ''Weight Training," Scholastic Coach 
~December, 1947), 17:12-14. 
' 
1/A, L. Wilson, op. cit., p. 109. 
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stimulated investigation of the effect of weight training were pub-
1/ 
lished in 1959-1951. Capen, using students at the State University 
of Iowa, studied the effect of weight training on power, strength, and 
endurance. His experimental group engaged in weight training, and the. 
control group participated in tumbling, lifts and carries, hand-to-hand 
combat, and conditioning gymnastics. The results of this study indi-
cate that weight training does not result in muscular tightness nor in 
a decrease of speed of muscular contraction. It is also reported that 
the experimental group showed greater increases over the control group 
·in body weight, muscular strength, muscular endurance, and athletic 
. 1:./ 
' power. Chui, also at the State University of Iowa, experimented with 
23 student subjects in a weight training group and 22 subjects in the 
~equired physical education activities program. Implications drawn 
from this study indicate that the weight-trainees increased the amount 
of potential power through systematic.weight training exercises, where-
as the control gro\lp failed to show consistent increases. The effect 
of weight training upon the speed of muscular contractions was examined 
]j 
by Zorbas and Karpovich in testing 600 subjects with an age range of 
18 to 30 years. Three hundred of the participants had engaged in weight 
lifting for at least six months; of this group, some of the men were 
champion weight l~fters. The nonlifter groups were students from Spring-
1/E. K. Capen, op. cit., p. 92. 
1/E. Chui, op. cit., pp. 193-194. 
l!W. S. Zorbas and P. V. Karpovich, op. cit., pp. 143-148. 
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field College Physical Education Division and a college of liberal arts; 
'there were 150 from ·each institution. Results of this study indicate 
!that the weight lifters were faster in muscular contractions of the arm 
'than the nonlifters and that the Springfield College students were 
'faster than the students from the liberal arts college. The differences 
petween the groups were statistically significant. 
Additional investigations of the effect of weight training on the 
l/ 
'speed of movement are noteworthy. Hairabedian used a device and pro-
:cedure similar to that described by Zorbas and Karpovich to determine 
whether weight training would increase strength with a relation to an 
1ncrease in speed of movement. Conclusions of this study reveal that 
$1gnificant increase in the strength of the weight-trainees appeared 
I 
:to be related to a significant increase in the speed of movement. 
J) 
Endres conducted a study using weights with 44 adolescent boys, ages 
~4 to 16, at the University of Wisconsin High School. The subjects· 
were equally divided into two experimental groups. Group one exercised 
with a four-pound weight; group two exercised with an eight-pound weight. 
A third group was formulated, but received no weight training exercise. 
~11 groups were equated on the basis of an initial speed of movement 
test with a four-pound weight. The two experimental groups showed sig-
1/A. Rairabedian, Weight Training in. Relation to Strength and Speed of 
~ement, Unpublished Master's Thesis, Pennsylvania State University, 
1952. 
£/J. P. Endres, The Effect of Weight Training Exercise on the Speed of 
Muscular Movement, Unpublished Master's Thesis, University of Wisconsin, 
1953. 
I 
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nificant increases in speed of movement at the end of the four~week ex-
perimental period; the control group·failed to show significant in-
·creases. 
l/ 
Wilkins tested the hypothesis: weight training with heavy ex-
ercises of the resistance type cause a muscle-bound condition, The 
measuring instrument was a bicycle crank placed 58 inches from the floor 
and turned with both hands simultaneously. One conclusion reached by 
this author was that weight training of one semester's duration had no 
slowing effect on the speed of movement, 
J:./ 
Masely and associates used a single-arm crank turned· in the 
frontal plane to measure speed and a recording of the number of times 
a foil could be mbved between two or more electrical contacts to meas-
ure muscular coordination. These authors concluded: 
"From the data presented in this study, it appears that 
the contention that weight training contributed to a loss of 
co-ordination and speed of movement was refuted: Increased 
strength gained through a program of weight training where 
moderate poundages and inc·reased repetitions·were practiced 
apparently bore some association with increased co-ordination 
and speed, although it was not demonstrated that increased 
strength produced better corordination or more rapid movement." 
2/ 
Davia conducted a seven-week program to determine the effect of 
weight training on the speed of swimming for two 25- and 50-yard dashes, 
Seventeen college students, all experienced swimmers, were used as sub; 
1.!/B. M. Wilkins; op. cit., pp. 361-369. 
2:,/J. W. Masely, A. Hairabedian, and D. N. Donaldson, op. cit., pp, 314-
315. 
1
2,/J. F. Davis, "The Effect of Weight Training on Speed 
The Physical Educator (March-April, 1955), 12:28-29. 
I 
in Swimming," 
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jects, Following the weight training program all subjects, with the 
.exception of one who remained the same, improved their times in the 
distances stated. 
The effect of light warm-up and heavy resistance exercises on the 
ll 
speed of right and left elbow extension was studied by Paselttner. 
This author concluded that elbow extension was faster with preliminary 
warm-up as compared to no warm-up. It was also reported that when pre-
liminary resistance exercises were used there was a slowing effect on 
·the elbow extension movement; the difference was not statistically sig-
nificant. 
y 
Meisel. tested a large number of male volunteers at the Pennsyl-
vania State University for leg strength and speed of a ten-yard run. 
~o equated groups of 52 men each were divided into a weight training 
and non-weight training group on the basis of their preliminary tests. 
An analysis of the data led the author to conclude that the weight 
training group significantly improved in strength, but recorded sig-
nificantly slower times for the ten-yard run. 
ll 
Swegan included flexion and extension of the right and left elbow 
1/L. R •. Paseltiner, The Immediate Effect of Light Warm-up and Heavy 
Resistance Exercise on Speed of Movement of Arm Extension, Unpublished 
Master's Thesis, Pennsylvania State University, 1957, p. 60. 
~/S. G, Meisel, The Effect of a Weight Training Program on the Speed 
of Running, Unpublished Master's Thesis, Pennsylvania State University, 
1957. 
2/D, B. Swegan, The Comparison of Static Contraction with Standard 
Weight Training in Effect on Certain Movement Speeds and Endurances, 
T.lnpubl:f.shed Doctoral Dissertation, pennsylvania State University, 1957, 
p. 139. 
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and of the right and left knee as his measurements of speed. This 
, study revealed that after the exercise program the speed of movement 
·was slower. 
Although not directly associated with weight training, an investi-
l./ 
gation by Hettinger and Muller which is reviewed by Mathews and_ 
I Jj 
'Kruse,, led others to experiment with static contractions and weight 
training as a means for developing strength. The original study in-
eluded nine male subjects who were given_ one practice period a day, 
.five days per. week, for an 18-m<inth period. During_ each pr~ctice 
session the subjects pulled and held a predetermined amount of pres-
;sure on a dynamometer. The findings of this study indicated that one 
practice period per day, during which the load was held £01; six sec-
onds, resulted in as much increase in strength as more frequent ses-
sions and longer periods of muscle contraction. Also, strength in-
creases most rapidly when the load is held to approximately two thirds 
o£ maximal strength. 
' 3/ 
Lorback, . using a customary weight training program as compared 
with short periods of static contractions, studied the development of 
strength and muscle girth. The data revealed little difference in the 
l./T. Hettinger and E. A. Muller, ''Meskelleisung und Muskeltraining, 11 
Arbeitsphysiologie (October, 1953), 15:111-126. 
J)D, K, Mathews and R. Kruse, "Effect of Isometric and Isotonic Exer-
cises on Elbow- Flexor Muscle Groups, 11 Research Quarterly (March, 1957), 
28:26-37. 
l/M. M. Lorback, A Study Comparing the Effectiveness of Short Periods 
of Static Contraction to Standard Weight Training Procedures in the. 
Development of Strength and Muscle Girth, Unpublished Master's Thesis, 
pennsylvania State University, 1955. 
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effectiveness of the two methods; both produced significant· increases 
in muscle strength and muscle girth. 
]) 
Mathews and Kruse examined the effectiveness of various frequen-
cies of training programs upon changes in strength. One hundred twenty 
Springfield College students were divided into an isotonic and isometric 
unit. Each unit was composed of four groups that exercised on a ached-
ule of two, three, four, and five days per week for a four-week period. 
It was found that as the frequency of the exercise increased, the number 
,of subjects in both units who significantly gained in strength increased. 
The results of more recent investigations on the effect of weight 
~training on physical fitness reveal findings similar to those noted ear-
l/ ll 
lier by Wilson. Black experimented with the effect of weight train-
ing on the Physical Fitness Index of boys. One hundred tenth grade boys 
were divided equally into an experimental and control group. The re-
sults of this study indicate that the Physical Fitness Index scores for 
the weight trainees increased significantly over the nontrainees. Kus-
!:!/ 
initz and Keeney divided 46 junior high school boys equally into an 
experimental and control group. The experimental group engaged in a 
progressive weight training program three times per week for an eight-
lfD; K. Mathews and R. Kruse, op. cit., p. 35. 
'f:./A. L. Wilson, op. cit., p, 109. 
d,/I. S. Black, op. cit., ch. V. 
!:!/L K1,1sinitz and C. E. Keeney, "Effects of Progressive Weight Training 
on Health and Physical Fitness of Adolescent Boys," Research Quarterly 
(October, 1958), 28:294-301. 
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'week period; the control group engaged in the regular physical educa-
tion sports program. The data showed that the weight-trainees improved 
on their scores on pull-ups, push-ups, the Harvard step test, Dodge 
run, the Burpee test, and trunk extension and flexion. The controls 
improved their scores on the Dodge run, the Burpee test, push-ups, and 
trunk extension. In no case did the increase of the control group sur-
pass the improvement of the experimental group. 
1:./ 
Landiss investigated the relative effect of wrestling, condi-
tioning, tennis, volleyball, swimming, weight training, tumbling-gym-
nastics, and boxing on a physical fitness test and the Larson Test of 
Motor Ability. The data revealed that the students who participated 
in weight training, wrestling, volleyball, and boxing made no signif-
icant gains in physical fitness. On the Larson Test of Motor Ability 
those who participated in weight training, wrestling, volleyball, con-
~itioning, tumbling-gymoastics, and tennis made significant gains. 
Weight training and its effect on the throwing of baseballs have 
been reported. 
]) 
Tominaga investigated the effect of weight training 
on accuracy and speed of pitching baseballs. Data from this study in-
dicated that a six-week training program with weights did not have a 
deleterious effect on accuracy, nor did it significantly decrease speed 
1:_/C. w. Landiss, "Influences of Physical Education Activities on Motor 
Ability and Physical Fitness of Male Freshmen," Research Quarterly 
(October, 1955), 26:295-307. 
2/H. K. Tominaga, The Effect of Weight Training Upon Accuracy and 
Speed in Pitching Baseballs, Unpublished Master's Thesis, Pennsylvania 
State University, 1954. 
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in pitching baseballs. 
1/ 
Minor divided 18 boys into three equal groups, one control and 
two.experimental, in order to determine the effect of weight training 
on throwing power. The results of this investigation indicated some 
improvement in throwing power of high school boys. 
A standardized test to evaluate student performances in weight 
training classes was developed by the instructors at the University of 
Washington. The test was composed of 11 selected exercises, of which 
the individual can select five on which to be evaluated. Each exercise 
was performed with_a standardized percentage of body weight. Tables 
have. been developed which list the scores for the number of repetitions 
1.1 
performed. 
The beneficial use of heavy resistance exercises by basketball 
players may indicate its possible inclusion in training methods for 
11 
this is port. 0 'Conner and Sills listed weight training exercises used 
by the varsity basketball players at the State University of Iowa. The 
training period for these exercises was three times per week and they 
were incorporated in the daily basketball practice session. The weight 
training program was given for a six-week period prior to the first 
],_/D. L. Minor, The Effect of Weight Training on the Throwing Power of 
High School Baseball Players, Unpublished Master's Thesis, University 
of Wisconsin, 1956. 
2/E. Li. Hughes,. "Standardized Weight Training Performance Test," 
Athlet[c Journal (October, 1958), 39:34-36. 
I 
1/F. Q,'Conner and F. D. Sills, "Heavy Resistance Exercises for Basket-
ball Players," Athletic Journal (June, 1956), 36:8. 
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game of the season. The authors express the opinion that heavy resist-
ance exercise may be used to improve performance in any sport, and the 
amount of improvement depends on the physical activities of the player 
at the time he is introduced to a weight training program. 
)j 
Clifton experimented with 14 members of the 1954-1955 freshman 
basketball team at the State University of Iowa to determine the rela-
tionship. of weight training to the accuracy in shooting field goals in 
basketball. Analysis of.the data of this study indicated that partici-
pation in the weight training program did not influence the accuracy 
of basketball players in shooting field goals. 
11 
A study by Garth indicated that engaging in progressive weight 
training exercises favorably affected the jumping ability of basket-
'll 
ball players. Similar studies by Ness and Sharos and Brown and Riley, 
demonstrating the effect of weight training on leg strength and verti-
cal jump, showed significant increases in both leg strength and verti-
cal )ump for the weight training groups. Clyde Lavallette, a profes-
sional basketball player with the St. Louis Hawks, recently engaged in 
l/R. L. Clifton, Effect of Weight Training Upon Accuracy in Shooting 
Field Goals in Basketball, Unpublished Master's Thesis, State Univer-
sity cf Iowa, 1955. 
1_/R. L. Garth, A Study of the Effect of Weight Training on the Jumping 
Ability of Basketball Players, Unpublished Master's Thesis, State Uni-
versity of Iowa, 1954. 
1/P. ~· Ness and C. L. Sharos, The Effect of Weight Training on Leg 
Strength and Vertical Jump, Unpublished Master's Thesis, Springfield 
Colle'ge, 1956. 
!±/ 
!±/R. J. Brown and D. R. Riley, "Effect of Weight Training on Leg 
Strength and Vertical Jump," Scholastic Coach (December, 1957), 27:44-47. 
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a weight training program to improve his jumping ability. A jacket 
with pockets in the front and back in which weights could be inserted 
was worn by the subject in performing the weight training exercises. 
The training program consisted of two exercises, full squats and toe 
):ises, and las ted for a four-week period. At the end of the experi-
}j 
mental period the subject increased his vertical jump by eight inches. 
Coaches and trainers of various athletic events appear to be 
giving attention to the inclusion of resistance exercises in training 
2:.1 
routines. Chandler states, "I promise you that you will see a def-
inite increase in performance from your athletes if they are properly 
instructed in the use of weights . 11 This statement appears in a treat-
ise on weight lifting exercises for various track and field events. 
11 
A recent book, Weight Training in Athletics, describes the values of 
resistance exercise in athletics. Special attention is given to spe-
cific exercises for major sports, such as football, basketball, base-· 
ball, and track and field. One chapter is devoted to weight training 
for the so-called "minor" sports. 
In order to determine injuries in connection with weight lifting, 
])World Wide Medical News Service, Midwest Bureau, "Basketball Player 
Increases Jump by 8 Inches," Scope Weekly (September 30, 1959), 15-16. 
1./0. Chandler, "Scientific Weight Lifting Exercises Designed for Track 
and Field Events," Privately mimeographed paper (available through 
Track and Field News, Los Altos, California), p. 1. 
1/J. A. Murray and P. v. Karpovich, Weight Training in Athletics, 
Prentice-Hall, Inc., Englewood Cliffs, New Jersey, 1956, chs. 8, 9, 
10, 11, and 12. 
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1/ 
Karpovic~ sent inquiries to Y.M.C.A. 's, private clubs, and colleges 
where such programs were established. It was found from the results 
of 31,702 returned questionnaires, as well as from a personal check-up 
of 75 weight lifters, that the incidence of injury was very small. 
Most of the injuries that were reported were of a trivial nature. 
~I 
~udd, writing about injuries associated with weight lifting, states 
that muscle, bone, and joint injuries are rare and that heart attacks, 
which can be caused through strain, seem to be infrequent, if not un-
known, among weight lifters. Regarding injury of muscles due to weight 
~/ 
training, Hellebrandt and Houtz state: 
"The evidence suggests that normal muscle cannot be harmed 
by volitional effort when range of motion and cadence are con-
trolled. In our experience overloading per se is incapable of 
damage to the integrity of the normal muscle fiber, when the 
stress imposed consists of increases in resistance which must 
be overcome volitionally." 
2. Flexibility 
Introduction,-- Considerable investigation has been devoted to 
'flexibility both in physical medicine and physical education. Medical 
needs of both World Wars intensified the need for a method of deter-
mining improvement in patients recovering from orthopedic disabilities. 
General body flexibility characteristics of boys, girls, men, and women 
have long been of interest to physical educators, as indicated by the 
,l/P. V. Karpovich, "Incidence of Injuries in Weight Lifting," Journal 
of Physical Education (March-April, 1951), 48:71. 
12/J. L. Rudd, "Weight Lifting--Healthful--Harmful?" Journal of Physical 
Education (July-August, 1949), 46:90. 
A. Hellebrandt and S. J. Houtz, op. cit., p. 382. 
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large number of studies made in the past 30 years. 
Definition.-- Flexibility as used in this study refers to the 
existing range of movement in a joint or articulation. Such factors 
as joint structure, condition of ligaments and fascia surrounding the 
joint, and muscle extensibility affect the range of motion in a joint. 
Flexibility is thought to be a function of specific factors and not a 
general quality. 
Studies related to flexibility.-- Early equipment used to record 
measurements of flexibility in the human body varied with nearly every 
investigator. Measuring the thigh and trunk flexibility of 20 college 
1.1 
men, Taylor used a Falconer's Arthrometer and the Taylor Flexometer. 
2) 
Co be measured the range of motion of the wrist of white adults by 
~./ 
means of a protractor arthrometer. Benson used a 360-degree protrac-
tor to measure movements of injured knees, ankles, and shoulders. The 
early divergence in methods and discrepancies in term!Lnology led to 
several attempts at standardizing measurement procedures and nomencla-
!±/ 
ture. Cave and Roberts published diagrams and directions for measur-
l/L. Taylor, Studies in Flexibility, Unpublished Master's Thesis, 
Springfield College, 1928. 
1_/H. M. Co be, "The Range of Active Motion at the Wrist of White Adults," 
Journal of Bone and Joint Surgery (October, 1928), 10:763-774. 
1_/S, Benson, "Relative Influence of Diathermy and Other Physical 
Therapy Measures on Stiffened Joints," Research Quarterly (December, 
1930), 1:57-73. 
4/E. F. Cave and S . M. Roberts, "A Me thad for Measuring and Recording 
Joint Func;tion," Journal of Bone and Joint Surgery (1936), 18:455-465. 
31 
1/ 
ing and recording joint function. Wiechec and Krusen undertook to 
simplify and standardize the methods of measuring flexibility. These 
investigators maintained that with the use of a protractor arthrometer 
as great a degree of accuracy was achieved as with more complicated in-
struments when a moderate amount of care was given to positioning the 
Jj 
instrument. Cureton used a protractor, slidingwood calipers, and 
meter stick to measure ankle flexibility, trunk flexion and extension, 
2.1 
and shoulder elevation. Karpovich recently developed an electrogon-
iometer for the automatic recording and measuring of joint movement. 
Other instruments used in physical education research to record meas-. 
urements of flexibility include angle sticks, protractor, anthrometer., 
!±/ ~I 
flexameter, and rotameter. Double-exposure photography, radiog-
§} II §.I 
raphy, cine-film, and cineradiography have also been used to 
1/F. J. Wiechec and F. H. Krusen, "A New Method of Joint Measurement and 
a Review of Literature," American Journal of Surgery (1939), 43:659-668. 
' liT .I_ K. Cureton, op. cit., p. 388. 
]./P. V. Karpovich and L. B Wilkow, "A Study of the Human Foot in Stand-
ing 'and Walking," Department of Physiology, Springfield College, 1958, 
p. 11. 
~/American Association for Health, Physical Education and Recreation, 
Research Methods Applied to Health, Physical Education, and Recreation, 
American Association for Health, Physical Education and Recreation, 
Washington,_D. C., 1952, p. 63. 
5/G. D. Wilson and W. H. Stack, "Photographic Record of Joint Motion," 
Archives of Physical Medicine (June, 1945), 26:361-362 . 
.§./H. Harris. and J. Joseph, "Variation in Extension of the Metacarpo-
phalangeal and Interphalangeal Joints of the Thumb," Journal of Bone 
and Joint Surgery (November, 1949), 31-B:547. 
1/G. Weddell and H. D. Darcus, "Some Anatomical Problems in Naval War-
fare,!' British Journal of Industrial Medicine (1947), 41-47. 
§/C. H. Barnett and J. R. Napier, "The Axis of Rotation at the Ankle 
Joint! in Man, Its Influence Upon the Form of the Talus and the Mobility 
of the Fibula," Journal of Anatomy (January, 1952), 86: 1-9. 
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~ecord body flexibility. Simple methods such as "standing bobbing" 
ll 
and "sitting bobbing" were used by Scott and French for determining 
1
hip and back flexion. The standing floor touch is a measure of flex-
' 11 ~bility included in the Kraus-Wever Tests of Muscular Fitness. After 
~eviewing the literature pertaining to the measurements of the range 
i 1/ 
pf joint motion, Slater lists.three general classifications of in-
I 
~truments used in flexibility measurement: the protractor, the pendu-
~um arthrometer, and the independent methods. 
Several studies for determining the so-called normal values for 
the amplitude of various body movements are found in the literature. 
lnvestigators 
!±! 
making contributions in this area include Rosen, Sil-
21 ~/ ll 
Yer, Glanville and Kreezer, Guerewitsch and O'Neill, Kendall and 
!/G. M. Scott and E. French, Evaluation in Physical Education, The C. 
V. Mosby Company, St. Louis, 1950, pp. 181-182. 
1,./H. Kraus and R. P. Hirschland, "Minimum Muscular Fitness Tests in 
School Children," Research Quarterly (May, 1954), 25:181. 
' 3/N. Slater, "Methods of Measurement of Muscle and Joint Function, 11 
ITournal of Bone and Joint Surgery, British Volume (August, 19.55), 
37-B:474-491. 
i 
' f±/N. G. Rosen, "A S.implified Method of Measuring Amplitude of Motion 
iin Joints," Journal of Bone and Joint Surgery (July, 1922), 4:570-579, 
5/D. Silver, "Measurement of the Range of Motion in Joints," Journal 
bf Bone and Joint Surgery (July, 1923), 5:569-578. 
fl./A. D. Glanville and G. Kreezer, "The Maximum Amplitude and Velocity 
of Joint Movements in Normal Male Human Adults," Human Biology (May, 
1937), 9:197-211. 
l/A. D. Guerewitsch and M. A. 0 'Neill, "Flexibility of Healthy Chil-
dren, 11 Archives of Physical Therapy (April, 1944), 25:216-221. 
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Kendall, Dorinson and.Wagner, and Leighton. Studies by Slater 
!±I 2.1 
·and Darcus demonstrate that the recorded values for the same move-
£/ ll §j 
.ment of flexibility differ considerably. Taylor, Benson, Powell, 
Jj l.Q/ 11/ 
McCall, Fisher, and Cureton are among the early contributors in 
'the investigation of flexibility in the field of physical education. 
12/ 
Development of the Leighton Flexometer in 1942 by J. R. Leighton 
1/H. 0. Kendall and F. P. Kendall, "Normal Flexibility According to Age 
~ Groups," Journal bf Bone and Joint Surgery (July, 1948), 30-A:: 690-694. 
1./S. M. Dorinson and M. L. Wagner, "An Exact Technic for Clinically 
Measuring and Recording Joint Motion, 11 Archives of Physical Medicine 
(August, 1948), 29:468-475. 
3/J. R. Leighton, "Flexibility Characteristics of Males Ten to Eighteen 
Years of Age," Archives of Physical Medicine and Rehabilitation 
(August, 1956), 37:494-499. 
A/H. D. Darcus and N. Slater, "The Amplitude and Pronation and Supina-
tion with the Elbow Flexed at a Right Angle," Journal of Anatomy 
(April, 1953), 87:169-184. 
5/N. Slater and H. D. Darcus, "The Effect of the Degree of Elbow Flexion 
,on the Maximum Torques Developed in Pronation and Supination of the 
Right Hand," Journal of Anatomy (April, 1952), 86:197-202. 
2_/L. Taylor, op. cit. 
1./S. Benson, op. cit. 
~/E. M. Powell, Trunk Strength and Flexibility as a Factor in Posture! 
Unpublished Master's Thesis, Wellesley College, 1930. 
9/M. McCall, "An Age-Height-Weight Table for College Women, 11 Research 
guarterly (March; 1937), 8:101-102. 
10/J. D. Fisher, Flexibility as a Factor in Body Mechanics and Athletic 
Efficiency, Unpublished Master's Thesis, Springfield College, 1938. 
r . 
ll/T. K. Cureton, op. cit. 
-~- ' 
~2/J. R. Leighton, "A Simple Objective 
rty," Research Quarterly (May, 1942), 
and Reliable Measure of Flexibil-
13:205-216. 
34 
was accompanied by a resurgence in measuring the range of joint move-
ment. Leighton reported reliability correlations of from .889 to .995 
ll 
in his early work with this instrument. Campbell, using an adapta-
tion of the Leighton Flexometer, experimented on the factors affecting 
,flexibility. This investigator, measuring the movements of the hip 
joint, found that rhythmic stretching exercises increased the range of 
movement up to a certain degree; further exercise had no apparent ef-
Jj 
feet. Hupprich and Sigerseth, using the Leighton Flexometer, recorded 
12 measurements of flexibility on 300 girls who ranged in age from six 
to eighteen years. These authors concluded that flexibility is a spe-
cific factor unique for each joint. The reliability of measurement for 
3/ 
this study is reported to be from .911 to .972. Sigerseth and Haliski,-
'using the same instrument, measured 21 joints or areas in football 
.players and normal college students and established reliabilities from 
.945 to .980. Results of this study indicate that students in college 
service courses were more flexible in more of the body's joints and 
!!I 
·areas than were the college football players. McCue selected 130 
college women from physical education activity classes and recorded 
1/R. E. Campbell, A Study of Factors Affecting Flexibility, Unpublished 
.Master's Thesis, University of Wisconsin, 1944. 
,J:./F. L. Hupprich and P. 0 Sigerseth, "The Specificity of Flexibility in 
Girls," Research Quarterly (March, 1950), 21:25-31. 
' 1_2/P. 0. Sigerseth and C. C. Haliski, "The Flexibility of Football 
:Players," Research Quarterly (December, 1950), 21:394-398. 
' 4/B. F. McCue, "Flexibility of College Women," Research Quarterly 
!(october, 1953), 24:323-324. 
I 
I 
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measurements for 12 different joint movements with an instrument sim-
'ilar- to that of Leighton. An exercise program of five movements for 
,three weeks' duration was set up to determine if exercise increases 
flexibility. The author condluded in part:· 
"For the lower-quartile flexibility group of this study, 
significant increase in flexibility was achieved with mild ex-
ercise within a period of three weeks' time. Three of the 
five movements studied remained at a significant difference 
level eight weeks after the exercise period had been completed;" 
After improvements of his Flexometer and a redefinition of the 
'specific techniques for measuring the various joint movements, Leighton 
'conducted a number of individual investigations on teen-age boys. He 
listed coefficients of correlation from .913 to .996 in the measurement 
of 30 measures of flexibility for a group of 120 sixteen-year-old boys. 
11 
'Leighton also published flexibility means for 10-, 12-, 14-, 16-, and 
18-year-old boys for 18 different flexibility measurements. From this 
study he concluded that flexibility varies from 10 to 16 years of age 
and that the best basis for the establishment of norms is at approxi-
, ma tely age 16. 
Several investigations were conducted to determine the effect of 
weight training and body types on the range of joint movement. Using 
l./J. R. Leighton, 11An Instrument and Technic for the Measurement of 
' Range of Joint Motion, 11 Archives of- Physical Medicine (September, 1955), 
36:571-578. 
' 
! 1/ J. R. Leighton, "Flexibility Characteristics of .Males Ten to Eighteen 
'Years of Age, 11 Archives of Physical Medicine and Rehabilitation 
(August, 1956), 37:494-499. 
I 
' 
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three of the flexibility tests described by Cureton, Counsilman 
tested 18 competitive weight lifters. The resultant scores on these 
ll 
subjects were above the established norms for these tests. Leighton 
compared 30 measurements of flexibility of two world renowned lifters 
with the means for a group of 16-year-old boys. One of the lifters 
showed no significant differences in eight ·of the thirty measurements; 
six measurements were significantly less than the 16-year-olds. The 
other lifter, a heavyweight world renowned record holder, had signifi-
cantly greater range of movement than the norm group in 14 of the 30 
measurements. Seven measures showed no significant differences, and 
nine measures were recorded as less than the mean for the 16-year~old 
group. In this same article, the results of flexibility measurements 
taken for one individual, training with resistance exercises five days 
a week, showed at the end of an eight-week period a significant in-
crease in 27 of the 30 original flexibility measurements. Three meas-
ures showed no significant increase or decrease. 
!±/ 
Leighton also studied the flexibility characteristics of three 
groups of champion athletes, weight lifters, gymnasts, and wrestlers, 
by giving them the 30 tests of flexibility and comparing them with the 
J:./T. K. Cureton, op. cit., p. 388a. 
1/J. E. Counsilman, op. cit., pp. 17-18. 
}./ J. \R .. Leighton, "Are Weight Lifters Muscle Bound?" Strength and 
Health (March, 1956), p. 16. 
!±/J. \R. Leighton, "Flexibility Characteristics of Three Specialized 
Skil~ Groups of Champion Athletes," Archives of Physical Medicine and 
Rehab'ilitation (September, 1957), 38:580-583. 
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mean scores previously reported. The weight lifters exceeded the 16-
year-old group in 15 of the 30 measurements; scores on five of the test 
items were below the mean of the 16-year~olds. The gymnasts were above 
the mean for the 16-year-olds on 15 of the measures and below on six. 
The wrestling, group surpassed the 16-year-old group on only eight of 
the tests. 
)j 
Massey and. Chaudet conducted a study to determine the effect of 
heavy resistance exercises on the range of seven joint.movements. Thir-
teen experimental subjects exercised three days per week for a period 
of six and one half months. The authors concluded that a significant 
decrease in the ability to extend the arms backward in the anteropos-
terio~ plane did occur in the weight trainees. 
Jj . 
Tyrance, investigating the relationship between body types to 
ranges in flexipility, gathered data on 105 students determined to the 
fattest, thinnest, and most muscular at the Pennsylvania State Univer-
sity. Conclusions of this study indicated statistically significant 
differences in neck, hip, knee, and elbow flexibility between the three 
extreme body types. 
1./B. R'. Massey and N. L. Chaudet, op. cit., p. 41. 
1,/H·. i J. Tyrance, "Relationship of Extreme Body Types to Ranges of 
Flexhility," Research Quarterly (October, 1958), 29:349-359. 
I 
i 
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3. Speed 
Introduction.-- A review of independent studies on speed of body 
'movement reveals some contradictory opinions on the factors influencing 
1
speed and the effects of exercise on speed. The American Association for 
Health, Physical Education, and Recreation in its book, Research Methods 
Applied to Health, Physical Education, and Recreation, noted the apparent 
lack of research data on the effect of heavy muscular work on speed of 
1.1 
movement. In the last decade, however, significant contributions have 
been made in these areas. 
Definition.-- Speed of movement as used in this study refers to the 
lapsed time between a prescribed number of revolutions on an arm and leg 
speed mechanism. The lapsed time was recorded electrically to the near-
est one hundredth of a second. 
Studies related to speed.-- A number of theories have been proposed 
11 
to account for the limitation of speed in the human body. In 1922 Hill 
proposed the theory of muscle "viscosity" to account for the decrease of 
force with increase of speed in shortening of human muscles. Viscosity 
is described as internal resistance generated by the muscle as it con-
tracts, the resistance being due to the flow of molecuwar parts into new 
}./ 
and different configurations.. Fenn and Morrison, on the basis of cal-
),_/American Association for Health, Physical Education, and Recreation, 
op. cit., p. 289. 
]jA, V. Hill, "The Maximum Work and Mechanical Efficiency of Human 
Muscles and Their Most Economical Speed," Journal of Physiology (February, 
1922), 56:19-41. 
}_/W. 0. Fenn and C. A. Morrison, "Frictional and Kinetic Factors in 
the work of Sprint Running, II American Journal of Physiology (April, 
1930), 92:610. 
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culations of the kinetic energy from moving pictures, questioned Hill's 
theory of viscosity. 
11 
Fenn and Marsh, investigating the force-velocity relationship 
' on isolated muscles, proved that limitation of the speed of movement 
' is due to a "tension loss" factor resulting from the finite energy re-
lease in the biochemical process, and not to viscosity. Further inves-
J:/ 
tigation by Hill led to a retraction of the viscosity theory. Hill 
found that when a contracting muscle is stretched under certain condi-
tions, a negative heat of lengthening is observed, and the total energy 
rate of the muscle remains positive. Along with this, there is a slow-
ing, not a reversal, of the processes associated with activity. An 
active muscle shortens more slowly under greater force because of a 
lowering of the rate of energy liberation, and not because of viscosity. 
ll 
Wilkie investigated the relationship of force and velocity with a 
test involving maximum flexion of the elbow. This investigator sub-
stantiated the relationship between force and velocity presented by 
!±I 
Hill. Henry and Trafton also disproved the viscosity theory and found' 
that the "tension loss" factor was most important during the first five 
or ten yards of the sprint run, with strength being an important deter-
1/W. 0. Fenn and B. S. Marsh, "Muscular Force at Different Speeds of 
Shortening," Journal of Physiology (November, 1935), 85:277-297. 
l_IA. V. Hill, "The Heat of Shortening and the Dynamic Constants of 
.Muscle, 11 Royal Society of London, Proceedings (1938-1939), 126:136-195. 
liD. R Wilkie, "The Relationship Between Force and Velocity in Human 
Muscle," Journal of Physiology (December, 1949), 110:249-280. 
!±IF. M. Henry and I. R. Trafton, "The Velocity Curve of Sprint Running 
with Some Observations on the Muscle Viscosity Factor," Research 
Quarterpy (December, 1951), 22:409-422, 
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):_/ 
'minant of speed thereafter. Rarick, using a battery of athletic and 
physiological tests, studied the primary elements which combine to 
limit man in speed of muscular movements. A conclusion drawn from 
this study indicated that large quantities of strength appeared to con-
tribute little, if anything, to speed of performance. 
Jj 
Ching and Hartridge state the factor limiting speed of up and 
down movements of the human finger is the central nervous system. 
3/ 
Slater-Hammel- investigated the neuromuscular mechanism as the 
possible limiting factor for the rate of leg movement in sprinting. 
Twenty-nine Oberlin College students ran a 100-yard dash and pedaled 
an unloaded stationary bicycle. Each subject attained a higher rate 
of leg movements in cycling than in sprinting. The rate is much higher 
than any possible rate in sprinting and indicates the limit of leg move-
ment is not a neuromuscular limit. This investigator believes the rate 
of movement is determined by the load or weight the muscles must move. 
Several studies have been published on speed of movement and its 
relationship with various general characteristics as well as anthropo-
!1/ 
metric measurements. Foley, in 1937, reviewed the literature dealing 
1/L. Rarick, "An Analysis of the Speed Factor in Simple Athletic Activ-
ities," Research Quarterly (December, 1937), 8:104. 
2/ J. Ching and H. Hartridge, "The Physiology of Rapid Movement, 11 Jour-
~al of Physiology (December, 1935), 83:40-42. 
3/A. Slater-Hammel, "Possible Neuromuscular Mechanism as Limiting Fac-
tor for Rate of Leg Movement in Sprinting," Research Quarterly 
(December, 1941), 12:752. 
!±/J. P. Foley, "Factors Conditioning Motor Speed and Tempo," Psycho-
logical Bulletin (June, 1937), 34:351-397. 
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with the relationship of speed and tempo to psychological factors, age, 
sex, constitutional type, racial type, intercorrelational analysis, 
factor pattern analysis, character type, and social occupational fac-
'tors. The evidence indicated that speed of reaction is conditioned by 
l./ 
specific environmental factors. Koepke and Whitson were unable to 
show a definite relationship between a subject's height, weight, whole 
-arm length, forearm length, size of upper arm biceps, and size of wrist 
and the power and velocity of the individual. The relationship between 
the speed of voluntary movements of the hand, forearm, and arm and the 
2/ 
weight, length, and strength of these segments was studied by Rasch.~ 
'Results of this study revealed no significant relationship between the 
, speed of arm movements and the size or weight of the arm. 
The speed of single arm and leg contractions has been reported in 
1.1 
several investigations. Brozek and associates reporded speeds of arm 
and leg movements with the use of a timing device_containing a condenser 
and a ballistic galvanometer. Single movements for testing the leg 
through the full normal range and for arm movement through a 45-degree 
angle were reported. Data are presented on deterioration of speed in 
some nutritional states and poliomyelitis. The authors suggest that 
yc. A. Koepke and' L. S. Whitson, "A Summary of a Series of Experiments 
, to Determine the Power and Velocity of Motions Occurring in Manual 
, Work," The Journal of Applied Psychology (April, 1941), 25:251-264. 
JjP. J. Rasch, "Relationship of Arm Strength, Weight, and Length to 
Speed of Arm Movement," Research Quarterly (October, 1954), 25:328-332. 
1./J. Brozek, E. Simonson, and A. Keys, "A Test of Speed of Leg and Arm 
Movements," Journal of Applied Physiology (March, 1952), 4:753-760. 
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speed of movement may be a useful measure of neuromuscular fitness. 
}j 
DeLorme and associates studied the effect of progressive resist-
,ance exercise on the speed of arm and thigh movements in adolescent 
boys. The conclusions of this study indicated that resistance exercise 
had no slowing effect on the contractions of the arm and thigh. 
Jj 
Studies by Zorbas and Karpovich, 
11 
Wilkin, Hairabedian, 
5/ 6/ 
'Masely,- and Endres,- previously referred to, indicated that resist-
ance exercises tend to increase or to have no detrimental effect on 
:§./ 
and Swegan, 'speed of arm movements. 
ll 
Studies by Meisel, however, 
indicated that weight training has a slowing effect on speed. 
4. Strength Testing 
Introduction.-- Strength testing has been of interest to inves-
tigators for more than 250 years. Numerous objectives, methods, and 
instruments have been applied to determine various aspects of man's 
strength: It is doubtful that any single method of determining the 
1/T. L. DeLorme, et al., '~ffect of Progressive Resistance Exercise on 
Muscular Contraction Time," Archives of Physical Medicine (February, 
1952), 33;86-92. 
~/W. C. Zorbas and P. v. Karpovich, op. cit., pp. 145-148. 
1/B. M. Wilkin, op. cit., p. 368. 
~/A. Hairabedian, op. cit,, p. 41. 
2/J. W. Masely, A. Hairabedian, and D. N. Donaldson, op. cit., p. 315. 
~/J.P. Endres, op. cit., p. 30. 
l/S. G. Meisel, op. cit., p. 42. 
J!/D·. B. Swegan, op. cit., p. 139, 
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strength of individual muscles or muscle groups can be used for every cir-
cumstance in which such observations are required. The methods used, how-
.ever, must allow reliable recordings to be made quickly and easily and must 
be adaptable to the measurement of as many muscle groups as possible. 
The interest in strength testing in physical education has fluctuated 
Jj 
through the years. Sargent introduced the Intercollegiate Strength Tests 
at Harvard about 1880. Many eastern colleges used this test to determine 
]j 
·fitness for athletic competition. In 1925 Roger's revision of the In-
, tercollegiate Strength Tests became the Physical Capacity Tests. Physical 
Capacity Tests were used to determine the Strength Index and Physical Fit-
ness Index of students enrolled in physical education classes. With fit-
ness of today's youth again receiving nationwide attention, physical edu-
caters are once again turning their attention to strength testing. 
Definition.-- Strength as used in this study refers to the maximum 
force applied in a single muscular contraction. Both hand-grip and leg 
strength were determined with standard strength testing instruments. 
Studies related to strength testing.-- De La Hire, a French scien-
tist, is credited with the first research study·for measuring man's 
3/ 
strength. Results of this investigation were published in 1699.- De 
La Hire's crude methods compared the strength of men lifting weights 
1./D. A. Sargent, "Intercollegiate Strength Tests," American Physical 
Education Review (December, 1897), 2:216-220. 
l/F. R. Rogers, Physical Capacity Tests in the Administration of Phys-
ical Education, Unpublished Doctoral Dissertation, Teachers College, 
Columbia University, 1925. 
1/E. M. De La Hire, Memoires de L'Academie Royale des Sciences (November, 
1699), 12:153-162. 
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and carrying burdens with that of horses. While other early investi-
gators used weight lifting devices to determine man's strength, Leroy 
developed the first spring dynamometer. This instrument, when grasped 
in the hand and compressed, recorded the amount of force on a graduated 
1.1 
rod. Edward Hitchcock, beginning with his appointment as director of 
,Physical education at Amherst in 1861, took various body measurements. 
Included in these measurements were height, weight, girth of the chest, 
arm, and forearm, and one measure of strength of the upper arm as mess-
· ured by the pull-up. Later, Hitchcock adopted the.fifty measurements 
recommended by the American Association for the Advancement of Physical 
'.?:./ 
Education. Dudley A. Sargent in 1881 proposed an extensive list of 
items for measurement. These measurements were p~tterned after those 
used by Dr. W. T. Brigham of Boston and the European studies in anthro-
l/ 
pometry. The Intercollegiate Strength Test, an outgrowth of this 
work, included leg and back strength, right and left hand grips, pull-
ups, push-ups, and vital capacity. 
Mosso, in 1884, invented the ergograph, and for the following two 
decades experiments in measuring strength used this instrument. About 
1888 Dr. J. H. Kellogg, interested primarily in testing strength as an 
orthopeutic measure, developed the Universal Dynamometer. This was a 
1/W. N. Bullard, in Albert H. Buch (Editor), Reference Handbook of Med-
ical Sciences, William Wood and Co., New York, 1886, p. 544. 
2/J. F. Bovard and F. W. Cozens, Tests and Measurements in Physical 
Education, w. B. Saunders and Company, Philadelphia, 1938, Chapter I. 
}./J. w. Seaver, Anthropometry and Physical Examination, Press of Tuttle, 
Morehouse and Taylor, New Haven, 1890, p. 122. 
. .., ' 
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'stationary instrument working on the principle of applying pressure to 
' 
' 
1
a bulb which raised a column of mercury. Other early type dynamometers 
were developed by Collin, Martin, Smedley, Tieman, and Upham. In 1921 
1/ 
,Martin- reviewed the tests of muscular efficiency and noted that two 
'general types of apparatus, the ergograph and dynamometer, had been 
, used. 
Strength testing, after lying dormant for nearly a decade, was re-
1/ 
· vived in 1925 with the publication of Rogers' studies. Rogers formu-
lated the Strength Index and Physical Fitness Index in an attempt to 
solve administrative problems in· connection with grouping boys for pur-
poses of athletic competition within the school and within the class 
period. In 1927 Buffalo and Rochester, New York used the indices in 
their programs. The items included in these tests are lung capacity, 
right• and left hand grip strength, back and leg strength, push-ups, and 
pull-ups . 
. Possibly the most significant contributions concerning strength 
testing for the decade following Rogers' original work were published 
1/E. G. Martin, "Tests of Muscular Efficiency, 11 Physiological Review 
(July, 1921), 1:454. 
JjF, R. Rogers, "A Review of Recent Strength Testing Literature, 11 
Journal of Health and Physical Education (March, 1934), 5:8-10. 
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by Rogers, Bovard and Cozens, McCloy, Cozens, Messer, and 
§) 
McCurdy. Other contributions include studies by Smiley and Chamber-
II 
lain, 
8/ 9/ 
Rump,- Oestrich,-
10/ Q/ w 
Wylie, Dunder, and Mishel. 
The use of the "belt technique" incorporated with the leg strength 
1/F. R. Rogers, Physical Capacity Tests in the Administration of Phys-
ical Education, Unpublished Doctoral Dissertation, Teachers College, 
Columbia University, 1925. 
1/J. F. Bovard and F. w. Cozens, op. cit. 
3/C, H. McCloy, "Vital Capacity of Chinese Students," Archives of 
Internal Medicine (November, 1927) 
~/F. W. Cozens, The Measurement of General Athletic Ability in College 
~' University of Oregon Press, Eugene, 1928. 
2/G. N. Messer, Critical Analvsis of the Application of the Rogers 
Physical Fitness Test to Williams College Students, Unpublished Doctoral 
Dissertation, School of Education, New York University, 1932. 
&/H. L. McCurdy, A Test for Measuring the Physical Capacity of Secondary 
School Boys, Unpublished Doctoral Dissertation, Teachers College, 
Columbia University, 1932. 
7/D. F. Smiley and c. G. Chamberlain, "Functional Health and the Phys-
ical Fitness Index," Research Quarterly (March, 1931), 2:193-198. 
8/A. H. Rump, The Relative Contribution of Arm, Back, Abdomen, and Leg 
Strength to the General Athletic Ability of High School Boys, Uhpub-
lished Master's Thesis, University of Iowa, 1931. 
9/H. Oestreich, "The Use of Physical Capacity Tests in a Small City 
System," Journal of Health and l'hysical Education (October, 1933), 
4:36-37+. 
10/J. Wylie, The Development of Health at a Summer Camp for Boys, Un-
'published Master's Thesis, Boston University, 1933. 
11/V. C. Dunder, "A Multiple Strength Index of General Motor Ability," 
jiesearch Quarterly (October, 1933), 4:132-142. 
jl/D. Mishel, Meeting Individual Health Needs in Summer camps, Unpub-
lished Master's Thesis, Boston University, 1934. 
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testing procedure was developed by Everts and Hathaway. The use of 
this technique greatly increased the scores for most subjects. "The 
range of increase is from zero to nearly 100 per cent for subjects 
Jj 
whose leg muscle training is with legs almost straight .... " Hubbard 
,reported similar findings when the belt was used in recording leg 
.strength. 
Several investigators have studied the angle of the legs in meas-
}_/ 
·uring leg lift. Carpenter states that "from 115 degrees to 124 degrees 
y 
the most consistently high scores were attained." Cureton shows 
'where an angle of the legs of 102 degrees records a higher score than 
'an angle of 145 degrees. 
Since 1940 several authors have reviewed the literature on strength 
testing. In a 1941 review concerning strength testing and ~itness pro-
2/ . 
grams, Cureton relates some of the confusion that existed over the 
meaning of the strength testing results. This confusion resulted from 
interpretations of hundreds of studies on strength testing. Certain 
errors in norming and in testing were brought to light. Recently, Hun-
1./E. W. Everts and G. J. Hathaway, "The Use of a Belt to Measure Leg 
Strength Improves the Administration of Physical Fitness Tests," 
Research Quarterly (October, 1938), 9:66. 
Jj A. W. Hubbard and D. K. Mathews, "Lift Strength: A Comparison of 
Measurement Method," Research Quarterly (March, 1953), 24:33-43. 
}_/A. Carpenter, "A Study of Angles in the Measurement of the Leg Lift," 
Research Quarterly (October, 1938), 9:71. 
~/T. K. Cureton, op. cit., p. 398a. 
2/Ibid., p. 393, 
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y 
,sicker and Donnelly reviewed the instruments used to measure strength. 
]) 
Hunsicker and Greey reviewed the studies concerned with human strength. 
2.1 
In 1953 Kraus and Hirschland conducted a study to determine the 
'muscular fitness of American school children with the use of the Kraus-
Weber Tests for Muscular Fitness. The high percentage of failures on 
. this test battery led to comparative studies with European children. 
, The Kraus-Weber Tests are composed of five measures of trunk and leg 
strength and one measure of trunk flexibility. A total of 4,264 Amer-
ican and 2,870 European children from comparable urban and suburban 
communities·were administered the tests. The percentage of failure 
' for the American children was 57.9 per cent; 8.7 per cent of the Euro-
!±/ 
pean children failed the tests. 
Though it may be questionable that the Kraus-Weber tests are ade-
quate measures of physical fitness, they have served to focus national 
attention on the status of fitness of American youth. Results of the 
Kraus study were brought to the attention of President Dwight D. Eisen-
:2/ 
hewer, who subsequently established the Council on Youth Fitness and 
1/P. A. Hunsicker and R. J. Donnelly, "Instruments to Measure Strength," 
Research Quarterly (December, 1955), 26:408-420. 
]jP. A. Hunsicker and G. Greey, "Studies in Human Strength, 11 Research 
Quarterly (May, 1957), 28:109-122. 
2_/H. Kraus and R. P. Hirschland, ''Muscular Fitness and Health, 11 Journal 
of Health, Physical Education, and Recreation (October, 1953), 24:17-19. 
4/H. Kraus and R. P. Hirschland, "Minimum Muscular Fitness Tests in 
School Children, 11 Research Quarterly (May, 1954), 25:178-188. 
2_/"The President 1 s Conference on Fitness of American Youth, 11 Journal of 
Health, Physical Education, and Recreation (September, 1956), 27:10. 
I called a national conference on fitness of youth. The President 1 s 
1/ 
·Conference on Fitness of American Youth was held in June, 1956.-
2/ 
Following this lead, the .AAHPER Conference on Fitness- was held in 
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September, 1956 to prepare a statement concerning fitness and to plan 
for the implementation of such a program. 
1/"The President 1 s Conference on Fitness of American Youth, 11 op. cit., 
p. 8. 
1/"The ,AAHPER Conference on Fitness, 11 Journal of Health, Physical Edu-
cation,. and Recreation (November, 1956), 27:10-11. 
CHAPTER III 
METHOD AND PROCEDURE 
Introduction.-- Prior to the start of the weight training experi-
ment, the investigator conducted a pilot study with the assistance of 
15 volunteer sophomore boys. 
In the weight training experiment 100 secondary school boys, en-
rolled in the required sophomore physical education programs of their 
respective schools, composed the experimental and control groups. A 
test battery of 14 items was administered to both groups. Included in 
the test battery were five anthropometric measurements, five measures 
of flexibility, two tests of strength, and two tests of speed. 
1. Pilot Study 
Purpose.-- The pilot study was conducted for the purpose of deter-
mining the following: 
1. The procedure for administering and the number of revolutions 
for turning the arm speed apparatus 
2. The procedure for administering and the number of revolutions 
to be turned on the bicycle mechanism 
3. The procedure for administering flexibility measurements 
4. The reliability of the data 
5. The procedures to be followed in the weight training program 
-50-
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6. The desirability of a weight training program based on five 
exercise periods per week. 
Procedure.-- Fifteen sophomore boys enrolled in the second period 
physical education class (10:00 to 11:00 A.M.) at Bellingham High School 
volunteered to participate in the pilot study. The group was informed 
that they would meet five days per week for a three-week period. This 
study started on January 16, 1956. 
The procedure for turning the arm speed apparatus was similar to 
y 
that reported by Zorbas and Karpovich. When in a standing position, 
the center of the circular disc was adjusted to correspond to the 
height of the subject's right elbow. The subject stood in an erect 
position with his feet slightly spread and his body at right angles to 
the apparatus. The right hand grasped the handle, palm up, at the top 
of its rotating arc. In this position the subject's right elbow was 
close to the body at the height of the crest of the ilium. The sub-
ject started to turn the handle in a clockwise direction any time after 
the investigator said, "ready-go." 
For the number of revolutions turned on the arm speed apparatus, 
the investigator selected 24, the same number reported in the Zorbas 
7=./ . 
and Karpovich study. The pilot group, however, could not effectively 
turn the handle 24 revolutions for three trials without a noticeable 
number of "hitches, 11 a "hitch" being a momentary pause, usually at the 
l/W. S. Zorbas and P. v. Karpovich, op. cit., p. 148. 
1./Ibid., p. 147. 
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top to the rotating arc. In a majority of cases repeated trials had 
to be given to complete the test successfully. Further investigation 
based on three trials indicated that 18 revolutions provided more con-
sistent scores. Coefficients of correlation between trials one and 
two, two and three, and one and three were .840, .858, and .897 re-
spectively. A total of 18 revolutions was then used as the specific 
number to be turned on the arm speed apparatus. 
The procedure selected for pedaling the bicycle mechanism was sim-
1/ 
ilar to that reported by Slater-Hammel. The subject mounted the bi-
cycle and his feet were strapped to the pedals. Adjustments of the 
seat and handle bars were made to the subject's liking. The hands were 
placed close together on the handle bar, the arms held stratght. The 
subject started to pedal after being given the commands, "ready-go. 11 
The investigator arbitrarily selected 40 revolutions to be pedaled 
on the bicycle apparatus. It was thought that 60, the number pedaled 
in the study conducted by Slater-Hammel, might be excessive for this 
younger group. All of the subjects failed to successfully complete the 
three trials of 40 revolutions without numerous opportunities to start 
over on one or more of the trials. The "hitch" was the most frequent 
'cause for a retrial. Long periods of rest between each trial.were nee-
essary to allow the subject time to feel ready to continue with the 
test. It was observed that the ''hitch" occurred most frequently between 
,revolutions 23 and 30. Further investigation with 20 revolutions pro-
1/A. Slater-Hammel, op. cit., p. 751. 
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duced coefficients of correlation between the three trials of .804, 
.866, and .884 respectively. The number of revolutions pedaled on the 
bicycle mechanism was standardized at 20. 
The procedures followed for recording flexibility measurements were 
l/ 
fashioned after those reported by Leighton. The writer, however, was 
interested.in determining the range of movement for extension and flexion 
from a starting point midway between the two extremes. It was thought 
that in this way any change in the degrees of flexibility and girth 
circumferences might indicate a cause and effect relationship. 
The reliability of the data for 16 variables was determined on a 
test-retest basis. The scores of 13 boys were used in the statistical 
procedures; two boys from the original group were absent on the days 
of the retest. Table 1 shows the results of the data gathered • 
. l,./J. R. Leighton, "An Instrument and Technic for the Measurement of 
I Range of Joint Motion," op. cit., pp. 572-578. 
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Table 1. Reliability of Data as Indicated by Coefficients of Correla-
tion and t-ratios for the Pilot Study 
Coefficients of Correlation Significance of Mean Difference 
Test Means 
variable N 1 & 2 Test 1 Test 2 t-ratio 
r 
(1) (2) (3) (4) (5) (6) 
Height (in.) .....•...• 13 .997 67.240 67.250 .026 
Weight (lbs.) .••...... 13 .999 146.212 146.365 .081 
RANGE OF MOVEMENT (deg.) 
Shoulder extension .... 13 .203 13.000 17.080 13. 925* 
Shoulder flexion .•.... 13 .967 42.080 41.690 .578 
Elbow extension •••..•• 13 .535 97.462 97.231 .461 
Elbow flexion ••••...•• 13 .888 47.385 47.231 .121 
Hip extension .•••.•... 13 .980 14.923 15.231 .815 
Hip flexion •.••••.•... 13 .693 90.769 89.923 .729 
Knee extension ........ 13 .901 98.231 98.077 .221 
Knee flexion •..••..•.• 13 .950 40.077 39.769 .206 
SPEED 'sec.) 
Arm ••••••••••••.•••••• 13 .956 4.847 4.802 .078 
Leg ••.•..••.•..••••.... 13 .955 6.383 6.313 .097 
STRENGTH (lbs) 
Hand grip ...••.••.•••• 13 .977 104.415 103.738 .051 
Leg lift •.••..•••....• 13 .985 756.850 770.150 .526 
GIRTH (in.) 
Upper arm .•.•••...••.• 13 .971 11.529 11.510 .236 
calf ..•.•.•...••.••... 13 .984 14.010 14.115 .669 
*significant at the 1 per cent level of confidence. 
As a result of the low coefficient of correlation between the 
test and retest of the shoulder extension, experimentation on this 
' measurement was continued. Repeated tests and changes in the admin-
istrative procedure led to coefficients of correlation only as high 
! as .72. It was decided to abandon the flexometer for this measurement' 
1 
'Of flexibility and substitute the sliding caliper technique. Table 2 
shows the result of the test-retest of this measurement, using the 
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sliding calipers. Also included in Table 2 are the coefficients of 
correlation for the total range of flexibility of the right elbow and 
right knee measurements. The correlations for these measurements were 
higher than those obtained for the extension and flexion of the same 
measurements. It was decided, therefore, to includ~ the total range 
of movement for all measures of flexibility with the exception of the 
measurements of the shoulder. The differences in the high coefficients 
of correlation of the total range of flexibility may be attributed to 
the fact that the starting position in each measurement was determined 
by the judgment of the examiner. 
Table 2. Reliability of Data as Indicated by Coefficients of Correla-
tion and t-ratios for Revised Procedures 
Coefficients of Correlation Significance of Mean Difference 
Test Means 
variable N 1 & 2 Test 1 Test 2 t-ratio 
r 
7[) (i) 73) 720 (5) (6) 
RANGE .OF MOVEMENT 
Shoulder extension 
(in.) .•.•..•...••••• 13 .987 11.163 11.317 .260 
Elbow flexion and ex-
tension (deg.) ...... 13 .950 144.850 145.080 .177 
Rip flexion and ex-
tension ( deg.) ••.•.. 13 .986 105.692 105.077 .436 
Knee flexion and ex-
tension (deg.) ...... 13 .970 138.310 137.850 .332 
In order to determine whether the proposed weight training pro-
cedures could be effectively accomplished during a class period, the 
pilot group was scheduled to participate in a weight training program 
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based on five exercise periods per week for a two-week period. The 
investigator selected the five exercise periods in an attempt to secure 
the experimental and control groups from the same school population. 
On the fourth exercise day two thirds of the pilot study group did not 
attend the class period. Those present were reluctant to engage in the 
exercise program. Their complaints were concerned with a tired feeling 
and stiff muscles. Further investigation of the absentees indicated 
similar complaints. The weight training program for the pilot study 
was concluded at this point. 
Conclusions of the pilot study.-- From the information gathered 
during the pilot study, the following conclusions appear tenable: 
1. Turning the arm speed apparatus 18 revolutions produced reli-
able coefficients of correlation. 
2. Pedaling the bicycle mechanism 20 revolutions produced reli-
able coefficients cif correlation. 
3. More reliable results for the measurement of shoulder exten-
sion were obtained with the use of sliding calipers than with 
the flexometer. 
4. Flexibility measurements of the right elbow and right knee were 
found to be more reliable when the total range of movement was 
computed. 
5. A weight training program based on consecutive-day participa-
tion was probably excessive for a group of adolescent boys. 
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2. The Study Population 
Experimental group.-- The experimental group was drawn from the 
fourth and fifth period physical education classes at Bellingham High 
School, Bellingham, Washington. The fourth period class started at 1:10 
and ended at 2:10P.M.; .the fifth period class started· at 2:15 and ended 
at 3:15P.M. Allowing ample time for the changing into physical educa-
tion costume, taking roll, showering, and rechanging to school attire, 
approximately 40 minutes were available for the weight training. exer-
cises. 
Sixty-three boys regularly enrolled in the required sophomore phys-
ical education classes volunteered to participate in the weight train-
ing program. Twenty-nine boys from the fourth period class and thirty-
four boys from the fifth period class took the initial battery of tests. 
Fifty-one individuals completed the weight training program and were 
administered the retest. One individual.from this group was excluded 
because of his size. He weighed 225 pounds and was thought not to be 
representative of the sample. During the experimental period, 13 indi-
viduals were dropped from the study group. Reasons for the drop-outs 
are listed below:. 
1. Four subjects demonstrated a lack of interest in the weight 
training program. 
2. Four subjects were absent more than the three-period limit 
arbitrarily established by the investigator. 
3. Two subjects decided to turn out for varsity athletics. 
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4. One subject withdrew from school. 
5. One subject was absent on the days of the retest. 
6. One subject was judged to be too heavy to be of the same rep-
resentative population .. 
Bellingham High School physical education classes meet five days 
per week. As observed in the pilot study, consecutive exercise periods 
may be excessive for adolescent boys. Evidence gathered from the re-
1/ 2/ 
view of literature indicated that three class meetings per week 
may be sufficient to effect change due to weight training exercises. 
The experimental group, therefore, engaged in the weight training pro-
gram on Monday, Wednesday, and Friday. The investigator met with this 
group on Tuesday and Thursday in a classroom to discuss various topics 
and show educational films that were thought to be of interest. Neither 
weight training nor other physical education activities were engaged in 
during these periods. 
On February 20, 21, 22, and 23, 1956 the initial test battery was 
administered to the experimental group. The experimental period started 
on February 24 and continued through May 18, 1956. Tqe retest was ad-
ministered on May 21 through May 24, 1956. 
Control group.-- Originally, it was planned to use boys from one 
of the morning sophomore.physical education classes at Bellingham High 
School as the control group. However, information gathered from the 
.!/E. K. Capen, "Study of Four Programs of Heavy Resistance Exercises 
for Development of Muscular Strength," op. cit., p. 140. 
2/B. H. Massey and N. L. Chaudet, op. cit., p. 49. 
~-
59 
1 
pilot study indicated that·consecutive weight training periods were 
probably excessive for adolescent boys. The experimental group, there-
fore, exercised on a three-day-a-week basis; as it was impossible to 
arrange for a three-day-a-week physical education activities program 
! for one of the morning classes,· another school with a three-day-a-week 
programwas located. 
The control group was composed of sophomore boys regularly en-
! rolled in the required physical education program at Mt. Baker High 
School, Deming, Washington. This group met three periods per week, 
Monday, Wednesday, and Friday, during the third period of the day, 
11:00 to 12:00·o'clock. Approximately 40 minutes of each class period 
were available for student participation. 
The initial battery of tests was administered to the control group 
on February 29, March l, 2, and 3, 1956. The experimental period in-
cluded 36 class meetings and extended from March 5 through May 25, 1956. 
The retest was administered during the period from May 30 to June 2, 
1956. 
Thirty-two boys took the test and retest for·the control group. 
Because of the relatively small number in· this group, it was decided 
to administer the test battery to the boys of the sophomore physical 
education class during the spring semester of 1957. During the week 
of February 25, 1957 twenty-eight boys took their initial test. The 
experimental period of 36 class meetings extended from March 4 to May 
24, 1957. The retest· was given from May 28 through Miy"31, 1957. The 
same activities and weekly time schedule were followed for both control 
groups. 
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The final statistical data were calculated on 50 individuals I com-
prising the control group. Nine individuals were eliminated from the 
control group to equate this group more adequately w~th the experimental 
group. 
3. Equating the Groups 
The writer selected four variables on which to equate the experi-
mental and control groups. These variables included age, hand strength, 
and two measures from the Wetzel Grid, isodevelopmental level and devel-
opmental channels. 
Age as an equating factor was selected for the purpose of securing 
groups as chronologically homogeneous as possible. The elimination of 
extreme deviates from a class of sophomore boys was thought to make a 
more truly representative group. 
The inclusion of hand strength as an equating factor was for the 
purpose of selecting two groups of nearly equal strength. Concerning 
1/ 
hand strength, Bookwalter- has stated: 
"Grip strength is one of the most reliable dynamometrical 
measures of human strength. It is a relatively economical 
measure) is easily administered and is a direct measure of 
applied force. Accordingly, grip strength is a likely com-
ponent of strength batteries, a strength item in a 'fitness' 
battery, or single item reasonably representative of total 
body strength." 
The Wetzel Grid was used to determine the homogeneity of the ex-
perimental and control groups in relation to body types (physique) and 
.!./K. W. Bookwalter, et al., "Grip Strength Norms for Males," Research 
Quarterly (October, 1950), 21:249. 
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surface area ~body size). The Grid is composed of graphs upon which 
the individual's height, weight, and age are plotted. One graph is 
transversed by seven diagonal channels which represent various body 
types. These channels are crossed obliquely by lines of developmental 
levels representing body surface area. The developmental channels are 
alphabetized. The writer arbitrarily assigned numbers to the channels 
1 so that they could be treated statistically. 
Two studies were found that indicated a relationship between the 
ll 
Wetzel Grid and motor performance. Concluding, Bookwalter states in 
part: 
'Within the limits of this study there is indication 
of a fairly systematic relationship between physique chan-
nels and developmental levels according to the Wetzel Grid 
and the Indiana Physical Fitness Scores of elementary school 
boys in Indiana. 11 
J:.l 
Grueninger has indicated that the grid technique is an effective 
means for grouping high school boys in terms of motor performance. 
An analysis of the data found in Table 3 indicated no significant 
differences between the experimental and control groups on the equating 
variables. The null-hypotheses.were therefore maintained; the obtained 
differences were inconsequential and could well be zero. 
J:./K. W. Bookwalter, "The Relationship of Body Size and Shape to Physical 
Performance," Research Quarterly (October, 1952), 23:279. 
l/R. M. Grueninger, Physical Performance of High School Boys and College 
Men by the Grid Technique, Unpublished Doctoral Dissertation, University 
of Michigan, 1949, p. 74. 
'' ! 
Table 3. Significance of.Difference Between Means for the Weight-
Training and Non-Weight-Training Groups on Equating Test 
Scores 
Weight-Trainees Controls 
62 
Variable N Mean 6 N Mean (j ([]) t-ratio 
(1) (2) (3) (4) (5) (6) 
. (7). (8) (9l 
Age (months) , •• so 189.600 6.444 50 189.460 5.478 1.209 .116 
Hand strength 
(lbs.) •...•.. 50 105.156 10.891 50 105.512 15 0 955 2.767 .129 
Isodevelop-
mental level. 50 167.060 10.371 50 167.460 10.290 2.087 .192 
Developmental 
channel ••...• 50 4.420 1. 756 50 4.240 1.966 .377 .477 
4. The Activity Program 
Weight ~raining program.-- In each weight training class three in-
dividuals exercised with one set of barbells; ten sets of barbells were 
available. Bodily weight was the determining factor for placing the 
subjects in their original exercise squads. After the second week, and 
each succeeding week throughout the experimental period, some individ-
ual9 were shifted to other squads in an attempt to maintain similar 
strength capacities in each group. This procedure eliminated some 
changing of weight loads and permitted more efficient use of the avail-
able time. The scores obtained on the two-hand military press and 
three fourth squats were the factors considered in reorganizing the 
squads. 
· \After a thorough review of· the literature and consultation with 
four\experienced weight training instructors, seven weight training ex-
' 
' 
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ercises were selected for use in this program. For an explanation of 
each of the exercises used in this study see Appendix A. The exercises 
and beginning poundages for each exercise were as follows: 
1. Two-hand military press 35 lbs. 
2. Sit up 5 lbs. 
3. Bent over rowing 40 lbs. 
4. Squats (3/4) 45 lbs. 
5. Bench press 40 lbs. 
6. Two-arm curl 35 lbs. 
7. Rise on toes 40 lbs. 
These exercises allowed for the development of the various major muscle 
groups of the body. Emphasis, however, was placed on the development 
of arm and leg strength. 
The ;first three exercise days of the weight training program were 
devoted to instruction and practice in the correct proc.edures for per-
forming the weight training exercises. Continued use of the correct 
procedures was stressed on each exercise day. The subjects performed 
twolsets of lifts with a ten-repetition maximum on the second set. 
Lifting of the weight at a moderate rate was emphasized. In every ex-
ercise the return to the starting position was performed at the same 
rate as the lifting movement. 
On the fourth exercise day each subject was instructed to lift 
the beaviest 
I 
' but rot more 
standard W!'S 
weight with which he could correctly perform at least six, 
than ten, repetitions. For sit ups and rise on toes the 
increased to include at least 18, but not more than 25 1 
repetitions. The same procedure was following on each succeeding Fri-
day throughout the experimental period. 
On the first two exercise days each week, the subjects performed 
two sets of ten-repetitions maximum. The first set was performed with 
three fourths of the total weight lifted for the specific exercise on 
the "all out day." On the second set of repetitions the subject at-
tempted to lift the total weight as near to the ten-repetition maximum 
as possible. Only one set of repetitions was performed on the sit-up 
and rise-on-toes exercises. 
Two of the subjects in each squad acted as spotters when the third 
subject was exercising. The subjects rotated after the first set of 
repetitions. After each subject had completed the first set, the total 
load was added to the barbell. The same rotation procedure was again 
followed. This arrangement allowed the subjects a rest period ef ap-
proximately two minutes between sets. 
The weight training program was carried on in the boys' locker 
room' for the first four weeks. After that time, the exercises were 
performed in the gymnasium. Occasionally, when weather permitted,. the 
exercise periods were held outdoors. 
The investigator was assisted in instructing the weight training 
program by two college students who had been lifting weights for ap-
proximately three years. These students were also instructors of a 
weigh~ training course at the Bellingham Y. M. C. A. 
I Program of the control group.-- The physical education activities 
taugh~ to the control group during the experimental period included 
I 
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volleyball, track and field activities, softball, and tennis. The 
time distribution for these activities was four weeks, two weeks, and 
six weeks, respectively. During the six weeks of softball the class 
was divided into three squads. On a rotation basis, each of the squads 
engaged in tennis instruction for a two-week period. 
5. Measures of Flexibility 
Flexometer.-- The instrument used to record the range of joint 
ll 
movement was fashioned after the flexometer described by Leighton. 
The dial is a six-inch 360° plastic protractor that can be read to the 
half degree. Attached to the center of the dial is a six-inch weighted 
pendulum indicator. On the back of the protractor a round, light-weight 
piece of wood extends the flexometer one and one quarter inches away 
from the strap. A 34-inch strap is attached to the wood. The instru-
ment is operative when the pendulum indicator is held vertically to the 
floor, but will record effectively in any position 10 degrees off the 
vertical. See Plate 1. 
il_/J. R. Leighton, "A Simple Objective and Reliable Measure of Flex-
1 ibility," op. cit., p. 208. 
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Plate 1. Exposed View of Flexometer 
1. Mounting and strap 
2. Rubber washer 
3. Protractor, 360° 
4. Plastic washer 
5. Metal nut 
6. Indicator 
7. Cap nut 
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Sliding calipers.-- This instrument consists of a 1 by 1 by 30-
inch wooden ruler. Attached to the ruler is a four-inch sliding arm 
which can be moved either up or down with little pressure. 
Procedure for recording the range of shoulder movement.-- The 
shoulder extension movement was recorded in the same manner as de-
l/ 
scribed by Cureton. A low correlation between repeated tests and 
retests during the pilot study led the author to abandon the flexometer 
for this single flexibility measurement. The subject assumed a prone 
position with his face down and chin and nose resting on a towel on 
the floor. His arms were extended directly overhead, shoulder width 
apart. A two-foot maple ruler was placed in the subject's hands, and 
the sliding caliper was placed in position in front of the ruler. In-
structions were then given for the subject to extend his arms as high 
as possible, keeping the wrists and elbows straight. The recording of 
shoulder extension was taken directly from the caliper and read to the 
nearest one eighth inch. 
In measuring shoulder flexion the subject stood at a corner wall 
with the arm to be measured extending just beyond the corner. The back 
of the head, shoulder blades, buttocks, and heels were placed against 
the wall and held in this position throughout the measurement. The 
arms were held at the sides; the index finger of the right hand was 
placed on the middle of the thigh. The flexometer was fastened to the 
; YT. K. Cureton, "Flexibility as an Aspect of Physical Fitness," 
'op. cit., p. 388a. 
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back of the right wrist. The subject was instructed to keep his arm 
straight, the palm of the right hand flat on the wall, and move the 
wrist as far backward as possible. The degree of flexion was read di-
, rectly from the dial. 
Procedure for recording the range of elbow movement.-- The subject 
sat in a chair with a specially constructed movable arm. The support 
was a flat board four inches wide and ten inches long, on which the 
upper arm rested. The movable arm was adjusted to a position that 
raised the right upper arm parallel with the floor at shoulder level 
and at a right angle to the body. The flexometer was fastened to the 
back of the wrist. See Plate 2. In the starting position the forearm 
, I,' 
..,. 
9!) 
Plate 2. Position of the Flexometer and Arm in the Starting 
Position for Range of Elbow Movement 
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was raised to form a right angle with the arm; The examiner adjusted 
the dial to the zero position to coincide with the pendulum indicator. 
The subject was instructed to extend his wrist as far forward as pos-
sible. The examiner placed his left hand on the subject's right shoulder 
joint to detect any elevation in the shoulder. With the arm fully ex-
tended, the recording was read from the dial. The subject again as-
sumed the starting position and was instructed to flex the wrist as 
close to the shoulder as possible. The total score for fl.exion was 
then recorded. 
Procedure for recording the range of hip movement.-- The subject 
assumed a standing position with the feet together and knees locked. 
The arms were extended above the head, fingers clasped together with 
palms facing upward. The flexometer was fastened on the right side of 
the hip at the height of the umbilicus. In the starting position the 
examiner adjusted the dial to the zero position to coincide with the 
pendulum indicator. The subject was instructed to bend backward as far 
as possible, keeping the knees straight and the toes on the floor. A 
reading was taken when the subject reached maximum extension. The sub-
ject assumed the starting position and was instructed to bend forward 
as far as possible, keeping the knees straight and the heels on the 
floor. The total degree of flexion was then recorded from the dial. 
Procedure for recording the range of knee movement.-- The subject 
assumed a prone position on a 12-inch bench with the knees at the edge 
and the lower legs extending beyond the end of the bench. The hands 
grasped the edge of the bench at shoulder height. The shoe of the right 
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foot was_removed and the flexometer fastened to the right ankle. In 
the starting_position the lower .leg was raised to form a right angle 
with the thigh. The examiner adjusted the dial to the zero position 
to coincide with the pendulum indicator. The subject then slowly per-
formed the flexion movement_by bringing the right foot as_close to the 
buttocks as possible. A. recording was then taken. After the flexion 
movement, the subject returned the_lower leg to the starting position 
and a movement to. full extension was performed; another recording was 
taken. 
All measures_ of flexibility wer_e administered at the beginning of 
the testing periods. The subjects received only one trial for each 
measure of flexibility. 
6. Speed Measurements 
Apparatus for determining rate of arm movement.-- The rate of arm 
movement was determined by an apparatus designed and built by the in-
vestigator. This apparatus was patterned from a similar one described 
]) 
by Zorbas and Karpovich. 
The arm apparatus consisted of a reduction gear, 51 to 1 ratio, 
mounted on a portable adjustable wooden frame. A Jo by '! by 1 by 12-
inch angular steel shaft was bolted to the drive shaft of the reduction 
gear. A wooden handle was fastened to the end of the angular steel 
shaft to rotate on a radius of six inches. A 12-inch circular masonite 
disc covered the shaft to protect the subject from hitting the forearm. 
l/W. S. Zorbas and P. V. Karpovich, op. cit., p. 146. 
7l j 
' 
Attached to the drive shaft of the r.eduction gear was a cam, which was 
caLibrated into two equal sections to depress a micro-switch for 18 
re~olutions. A hundredth of a second timer, plugged into a 110-volt 
A.C. conventional electric outlet and activated by a micro-switch 
th~ough two 1'\i-volt dry cell batteries, recorded the time. 
The arm speed apparatus was clamped to a sturdy table to eliminate 
vibration. By means of a turnbuckle, the adjustable platform could be 
raised or lowered to adjust to the starting position. The exact start-
ing position was fixed when, in a standing position facing away from 
the apparatus, the subject's right elbow and the center of the handled 
di~c were at the same height. 
In order to reduce adjustments of the apparatus, subjects were 
grquped into fours according to their height. Each subject·was given 
time to become acquainted with turning the handle. One preliminary 
trial of 18 revolutions was also given. The handle was turned in a 
clockwise rotation in the sagittal plane, a movement selected because 
the action included partial flexion and extension of the arm. 
Procedure for recording the rate of arm movement.-- In the start-
ing position, the subject stood erect with the feet slightly spread 
and at right angles to the apparatus. The right elbow was placed at 
the side on the crest of the ilium with the right hand grasping the 
handle, palm up, at the top of the rotating arc. The apparatus and 
stJrting position are shown in Plate 3. 
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Plate 3. Starting Position for the Rate of Arm Movement 
The examiner instructed the subject to "turn the handle as fast 
as you can." The subject started to turn the handle in a clockwise 
direction any time after the commands, "ready-go." A pause of approx-
imately one second was maintained between the commands of "ready" and 
"go." The subject could start turning the handle any time after the 
command "go." Reaction time was not being tested, so the timer was not 
activated until the turning movement began. After both the first and 
second trials, the subject was encouraged to 11go faster this time." Fol-
lowing each trial, the timer was reset to zero and the handle rotated 
to the starting position on the cam. (See schematic diagram, Figure 1, 
page .) Each subject was given three trials. If one of the trials 
differed more than 60/100 of a second from each of the other two trials, 
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Figure l. Schematic Diagram of Arm Speed Apparatus 
l. Handle 
2. Masonite disc 
3. Reduction gear 
4. Cam 
5. Micro- switch 
6. Dry cell batteries ( 1-1/2 volt ) 
7. Timer 
I 
I 
' 
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a fourth trial was given after a short rest period. The rest period 
between each test trial was approximately 30 seconds. 
Apparatus for determining rate of leg movement.-- The rate of leg 
rnpvement was determined by an apparatus designed and built by the in-
yestigator. This mechanism was fashioned after a similar apparatus re-
1/ 
ported by Slater-Hammel. 
This apparatus was constructed from a man's bicycle. The bicycle 
frame, with the wheels removed, was bolted to two 4 by 4-inch wooden 
I 
blocks at a height of 12 inches. These blocks were bolted into the 
axle holes of the frame and mounted on a portable wooden stand. In 
both the front and rear flat mild steel braces ~ by ~-inch were bolted 
·to the frame and the portable stand. A two-inch metal pipe, secured to 
/each of the wooden blocks and bolted to the crank hanger, eliminated 
I sway in the frame when the bicycle was pedaled. The sprocket was re-
I 
/ moved and a masonite disc, 7~ inches in diameter with one slightly 
raised section to form a cam, was mounted in its place. There was no 
resistance to the turning of the pedals other than a negligible amount 
present in the ball bearings of the crank hanger. 
A copy recorder with an extending counter arm was mounted on the 
bicycle frame just above the masonite cam. As the raised portion of 
the cam completed each revolution, the extending counter arm was raised 
and registered one number. The counter registered each revolution from 
a set number, 20 as used in this study, back to zero. When the counter 
1/A. Slater-Hammel, op. cit., p. 750. 
I 
I 
' 
I 
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reached. zero, it depressed a lock arm which stopped the clock, and a 
bell rang, indicating to the subject that he stop pedaling. Two 3-way 
switches were mounted on the bicycle frame. Switch A was so mounted 
that in the starting position the raised portion of the cam was rest-
ing against it. Switch A was in the open circuit position and at the 
instant the subject started to pedal, the switch closed the circuit and 
the timer was instantly activated through two 1~-volt dry cell batteries. 
At the completion of 20 revolutions, the counter lock arm depressed 
switch B, instantaneously stopping the timer. This timer recorded to 
th£! hundredth of a second. (See schematic diagram, Figure 2, page 76.) 
Procedure for recording the rate of leg movement.-- On the day 
preceding the rate of leg movement test, each subject was given time 
to become acquainted with pedaling the non-weighted bicycle. Each 
subject mounted the bicycle, and the seat and handle bars were adjusted 
to the individual's liking. These adjustments were recorded and .used 
during the test trials. The subject's feet were then strapped to the 
pedals and he was instructed to pedal the bicycle. When the subject 
felt he had become familiar with the pedaling of· the non-weighted bi-
cycle, he was given one test trial of 20 revolutions to experience the 
testing procedure. 
In the rate of leg movement test, the subject mounted the bicycle 
and his feet were strapped to the pedals; seat and handle bars adjust-
ments. were made. The subject placed his hands c~ose together on the 
handle bars with his arms held in a straight position. The examiner 
instrticted the subject to pedal the bicycle to "get the feel of it 
Figure 2. Schematic Diagram of Leg Speed Mechanism 
1. Timer 
2A. Three-way switch 
2B. Three-way switch 
3. Recorder lock arm 
4. Copy recorder 
5. Crank arm and pedal 
6. Recorder dial 
7. Cam 
8. Recorder operating lever 
9. Recorder counter arm 
10. Bell 
11. Dry cell batteries ( 1-1/2 volt ) 
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77 I again, 11 When the subject was ready for the test, he was instructed to 
:"pedal as fast as you can." The subject then assumed the pedal start-
'ing position with the left pedal raised to a position slightly forward 
of the top of its rotating arc. The starting position is illustrated 
in Plate 4. The examiner then gave the commands, "ready-go." A pause 
l Plate 4. Starting Position for the Rate of Leg Movement of pproximately one second was maintained between the "ready" and "go," 
The subject could start pedaling any time after the corrnnand "go" as re-
action time was not being tested and the timer did not begin to record 
until the actual pedaling movement started. Three trials of 20 revolu-
tion.s each were given to each subject. If any of the trials differed 
more than 60/100 of a second from each of the other two trials, a 
fourth trial was given after a short rest period, Following the first 
and f!econd trials, the subject was encouraged to "go faster this time." 
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'After each trial the timer was reset to zero, the switches returned to 
the starting positions, and the counter reset to 20. The rest period 
between each trial was the time required to record the previous trial 
and to reset the instruments; an interval of approximately 40 seconds. 
During the test the examiner stood on the rear of the portable stand 
to stabilize the apparatus. 
7. Strength Measurements 
Instrument for determining hand strength.-- A Smedley Hand Dyna-
mometer with adjustable handle was used to record hand strength. The 
instrument was purchased from the C. H. Stoelting Company, Chicago, 
Illinois. 
Procedure for recording hand strength.-- The subject assumed a 
comfortable standing position and grasped the dynamometer, dial facing 
outward, in the right hand with the palm toward the thigh, The handle 
of the dynamometer was adjusted to the liking of the subject. The sub-
ject was given instructions to "slowly squeeze the handle as hard as 
possible and keep the arm and hand away from the body." The examiner 
assumed a position in front of the subject to assure that each trial 
was properly executed. Each subject was given three trials. After 
each trial the recording was taken directly from the dial. A point in-
dicator remained in a position at the highest recording. The point in-
dicator was set back to the zero position after each trial. Only the 
highest recording of the three trials was used in the statistical cal-
culations. 
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Instrument for determining leg strength.-- An A. G. Tieman and 
Company back and leg dynamometer was used to record leg strength. 
Prior to the start of the experiment, this instrument was sent to 
the Massachusetts Institute of Technology for calibration. The belt 
l/ 
technique was employed in determining leg strength. 
Procedure for recording leg strength.-- The subject assumed a 
standing position, placing his feet on the platform of the instrument. 
The belt was placed around the subject's waist and the crossbar was 
slipped into the loops of the belt. The subject was instructed to "bend 
the knees." When the angle of the knees was approximately 125°, the 
nearest link of the chain of the dynamometer was placed in the hook of 
the crossbar. The subject then placed his hands close together on the 
crossbar and locked the arms in a straight position; the head was held 
erect and the eyes focused on a spot on a wall at approximately eye 
level. The subject was instructed to "lift as hard as you can." Our-
ing the pull, the examiner sat directly in front of the instrument, 
watching the recording indicator. The examiner held his hands in a 
position where one was slightly in front and the other slightly behind 
the subject's knees. The subject's knees touching the examiner's hand 
indicated that the pull was not directly upward. Each subject was 
given three trials. After each trial, the recording was taken directly 
from the dial. A point indicator remained in the position of highest 
l/E. W. Everts and G. J. Hathaway, "The Use of a Belt to Measure Leg 
Strength Improves the Administration of Physical Fitness Tests,"~­
search Quarterly (October, 1938), 9:64. 
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·.recording. The point indicator was set back to the zero position after 
' each trial. Only the highest recording of the three trials was used in 
the statistical calculations. 
7. Anthropometry Measurements 
Girth measurements.-- Measurements of bodily girth were made with 
a three-foot nonstretchable tape. The examiners were given instructions 
and practice on the technique for taking these measurements. The meas-
urements of girth were recorded only on the right side of the body. 
Procedure for recording right arm girth.-- The subject stood in a 
comfortable position with his feet forward and slightly spread. With 
the right hand in a normally supinated position, the arm was raised 
parallel to the floor, and the nonstretchable tape was placed around 
the upper arm. The subject was then instructed to "bring the fist as 
close to the shoulder as possible and make as big a muscle as you can." 
The tape was then fitted around the point which formed the highest peak. 
The examiner recorded the circumference of the upper arm to the nearest 
one eighth of an inch. 
Procedure for recording right calf girth.-- A position was assumed 
in which the subject stood erect slightly more than arms length from a 
wall. The subject was instructed to lift his heels off the floor as 
high as possible and place his hands on the wall. The nonstretchable 
tape was placed around the subject's calf at the point of largest cir-
cumference. The examiner recorded·the circumference of the calf to the 
nearest one eighth of an inch. 
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Weight.-- The subject was attired in shorts and T-shirt; his shoes 
'were removed. He stepped up on the platform of a beam balance scale 
and the counter weight was moved until it balanced the scale arm. The 
recording was taken directly from the scale arm at the point of balance. 
Weight was recorded to the nearest one fourth pound. 
Height.-- While standing on the beam balance scale, each subject 
was instructed to "stand tall." A stadiometer arm was lowered until 
it firmly touched the subject's head. ~he height recording, measured 
to the nearest one fourth inch, was taken from the stadiometer. 
Age.-- Each individual was asked his age in years and to the near-
est month. The examiner recorded the age on the score sheet. (See 
Appendix ~.) 
I 
I 
I 
CHAPTER IV 
PRESENTATION AND ANALYSIS OF DATA 
Introduction.-- The primary purpose of this study was to investi-
1 
i gate the relationship between systematic progressive resistance exer-
1 
cise and the range of selected joint movements, speed of arm and leg 
movements, and hand and leg strength in adolescent boys. A secondary 
purpose was to determine the effect of the weight training program on 
selected anthropometric measurements. This ;study was based on the 
assumption that the subjects in the experim~ntal and control groups 
were equal or very similar in terms of certain measurable variables 
at the beginning of the investigation. In order to test this assump-
tion, the writer began the investigation wi~h a test of these null-
hypotheses: 
1. There would be no significant difference between the weight-
: 
trainees and non-weight-trainees in! flexibility. 
' 2. There would be no significant diff~rence between the weight-
trainees and non-weight~trainees in speed of arm and leg move-
ments. 
3. There would be no significant difference between the weight-
trainees and non-weight-trainees i~ hand and leg strength. 
4. There would be no significant difference between the weight-
trainees and non-weight-trainees in selected anthropometric 
measurements. 
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I 
1. Treatment of the Data 
The following formulae were used in analyzing the data obtained 
from the weight training and control groups: 
l/ i 
The arithmetic mean (M) was calculated from the scores by the 
X 
formula: M= 
N . ' 
2/ I 
The standard deviatio;- (6) was calcul~ted by using: 
11 
The standard error of the mean (6M) ~as calculated by the use 
of: <JM -
' '±I 
The standard error of the difference b~tween means (OD) was 
calculated from the formula: 
! 
The calculation of the difference between means was made by: 
1/H. E. Garrett, Statistics in Psychology and Education, Longmans, 
Green and Company, New York, 1953, p. 28. 
1/Ibid., p. 51. 
}/Ibid., p. 190. 
~/Ibid., p. 213. 
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!I 
The Pearson product-moment formula (r) ,was used to determine 
'the coefficients of correlation: 
r = 
N~XY- £X • x£Y 
/ [NX2 - (:EX) 2] [NY2 - (,:;:Y) 2] 
1.1 
The critical ratio (t) for difference~ within and between 
' 
groups was found by using the formula: 
t 
I 
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The 5 per cent level of significance wa,~ selected by the investi-
ggtor as the level with which to statistically reject the null hypothesis. 
As there were 50 subjects in the experimental and control groups, 49 
degrees of freedom (N-1) were used in ascertaining the significance of 
difference. The t value would have to be 2,01 to be significant at the 
5 per cent level of confidence. To be significant at the 
: }j 
1 per cent 
level of confidence, the t value would have' to be 2.68. 
2. Pre training Group CompB;'risons 
Four variables, (1) age, (2) hand-grip strength, (3) isodevelop-
mental level, and (4) developmental channels from the Wetzel Grid, were 
selected by the writer to determine the ho~ogeneity of the experimental 
and control groups. Table 3 shows the anafysis of these data andre-
veals no significant differences between the two groups on the selected 
' 
),_/H. E. Garrett, op. cit., p. 142. 
1_/Ibid., p. 215. 
}./Ibid., p. 427. 
I 
I 
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variables. 
At the beginning of this investigation, a 14-item test battery 
was administered to the experimental and contFol groups to further 
! 
check the homogeneity of the two groups. Inc:luded in the test battery 
I 
were five measures of flexibility, two measunes of rate of movement, 
two measures of strength, and five selected 4nthropometric measurements. 
A complete record of the data 
I 
collected ·from! the two 
' 
groups at the be-
ginning of the experiment is provided in Appendix B. Table 4 reveals 
! 
I 
the data gathered on the initial test battery. 
I 
Table 4. Significance of Difference Between Means for the V/eiglit--Training and 
Non-Weight-Training Groups on Pretraining Test Scores 
Variable 
Experimental Group Control Group 
N Mean c N Mean (j 
(1) (2) (3) (4) (5) (6) (7) 
Age (months) ......... 50 189.600 6.444 50 189.460 5.478 
Height (in.) ......... 50 68.789 1.863 50 68.950 2.330 
Weight (lb.) •...••... 50 146.775 17.393 50 146.000 16.885 
RANGE OF MOVEMENT 
Shoulder extension 
(in.),.,., ..... ,,., 50 12.645 3,299 so 11.623 3.690 
Shoulder flexion 
(deg.) ............. 50 40.980 9.180 50 42.560 13.340 
Elbow (deg,) .•....•.. 50 145.600 8.670 50 144.060 7.350 
Hip (deg.) ........... 50 108.720 14.610 50 103,100 15.460 
Knee ( deg. ) ••• , .•.... 50 141.560 9.560 50 138.300 7.440 
SPEED -(~~c.)- - - - - ------ ------- ---
--------
-------
Arm ..••....•..•.••••• 4. 892 .448 
---- ---- - -
-~326-50 50 4.535 
Leg ... , ....•.•..•...• 50 6,397 .503 50 6,436 .413 
STRENGTH (lb.) 
Hand grip ......•..... 50 105.156 10.891 50 105.512 15.955 
Leg lift ..........•.. 50 880.680 224.520 50 885.540 176.560 
GIRTH (in.) 
Upper arm, ..•..... , .• 50 11,865 .898 50 11.913 .915 
Calf., .....•.... , .... 50 14.043 .980 50 14.165 .904 
*significant at the 1 per cent level of confidence 
---·- -·------- -·-
t-tests 
OD t-ratio 
(8) (9) 
1.209 .116 
.530 .492 
3.463 .022 
.707 1.446 
2.316 .674 
1.620 .951 
3.040 1.849 
1.730 1.884 
- --;079- -4-.513>~--
,093 .436 
2.765 .127 
40.800 .616 
.171 .278 
.190 .645 
"' 
"' 
87 
Flexibility.-- There were no significant :differences between the 
'experimental and control groups in ' any of the, five measures of flex-
! 
' 
, ibility in the initial tests. The highest cr~tical ratio (t) between 
the two groups in flexibility was 1.884 
movement; the lowest critical ratio was 
flexion. 
for the range of right knee 
' I 
.674 ;for the right shoulder 
' I 
Speed of movement.-- The experimental a~d control groups showed 
I 
no significant difference in the initial spebd of leg movements. The 
I 
' mean score of the two groups was separated b;y only .039 of one second. 
I 
' When the reliability of the difference was qomputed, a t value of .436 
I 
was found, which was not significant, since ia t value of 2. 01 was re-
i 
quired for the difference to be significantlat the 5 per cent level of· 
' 
confidence. 
The mean difference between the two grbups in the initial speed 
of arm movement test was found to be .357 df one second in favor of 
i 
the control group. The reliability of the:difference was computed 
and a t value of 4.513 was found. This difference is highly signif-
icant, as a t value of 2.68 is required 
cent level of confidence. 
I 
tolbe 
' 
' 
I 
I 
! 
I 
significant at the 1 per 
Strength.-- There was no significant :difference between the mean 
' 
scores of the experimental and control grdups on the initial strength 
' 
tests. The mean difference for right-hand-grip strength for the two 
I 
groups was .352 of one pound. The mean d~fference for leg strength, 
for the two groups was 25.140 pounds. Th~ t values for the mean changes 
were .127 and .616 pespectively. ' Both measures of strength produced 
I 
I 
I 
I 
I 
I 
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t values less than the 2,01 which is requited for the difference to be I . 
' significant at the 5 per cent level 
Anthropometric measures.-- The 
of confidence. 
initiai mean scores of the anthro-
pometric measures of height, weight, upperiarm girth, and calf girth 
for the two groups were very similar. I The !range of the t-ratios for 
these measures was from .022 to .645. The~e was no significant differ-
1 
ence between the mean scores recorded for the weight-trainees and the 
I 
mieasures. non-weight-trainees on the anthropometric 
! 
I 
3. Final Group Comparisons 
I 
I 
At the completion of the 12-week expe~imental 
14-item test battery was again administered to the 
i istering the test battery again, the exami~er used 
' 
period, the initial 
subjects. In admin-
the identical proce-
dures used in the original test. Means an9 mean changes were recorded 
' for each variable for both the experimenta~ and control group. A com-
' 
plete record of the data collected from th~ two groups at the conclu-
Table 5 shows the 
~aol:"e.J. Sigriificarice of Diffeience Between the Mean Changes for the Weight-Training and Control 
Groups 
Weight-Trainees 
variable 
N Mean t-ratio Change 
(l) (2) (3) (4) 
Height (in.) ......... 50 .440 1.134 
Weight (lb.) ..•...•.• 50 2. 775 . 779 
RANGE OF MOVEMENT 
Shoulder extension 
(in.) ..•...•••.•.•. 50 .465 .713 
Shoulder flexion 
(deg.) .•.... ,, .. · .. , 50 .000 .011 
Elbow (deg.) ......... 50 - 2.540 1.482 
Hip (deg.) ........... 50 1.900 .621 
Knee (deg.) •.•.•••. , • 50 - 4.840 2.659** 
SPEED (sec,). 
Arm ....••..•..•..•••• 50 - .533 6.663* 
Leg .....•••...•..•... 50 - .377 4.167* 
STRENGTH (lb.) 
Hand grip .....•..••.. 50 6.540 3.014* 
Leg lift ....• , .. , ..•• 50 205.000 4.607* 
GIRTH (in.) 
Upper arm ..••.• , •..• , 50 ,608 3.200* 
Calf . ................ 50 .200 .996 
-- - - - -- -----
*Significant at the 1 per cent level of confidence. 
**Significant at the 5 per cent level of confidence, 
Controls Difference Between Mean Changes 
N Mean t-ratio 'Differ- t-ratio Change ence 
(5) (6) (7) (8) _{!t) 
50 .200 .428 .241 .194 
50 1.140 ,334 1,635 .686 
50 .422 .578 .043 1.573 
50 1.180 .457 1.160 1.286 
50 1.120 .733 3.660 1.309 
50 1.720 .523 3.620 2,834* 
50 1.380 .964 6.220 1.927 
50 - .123 1.836 .657 ,806 
50 - ,101 1.310 3,871 4.243* 
50 - ,004 .001 6.554 2.219** 
50 68.960 1,838 6.040 3.574* 
50 ,095 .525 .513 2.339** 
50 .068 ,361 .132 .050 
-- --
"' 
"' 
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Flexibility.-- The control group recorded increases in all five 
measures of flexibili~y between the initial and final tests. The range 
for the mean increases was from .422 to 1.720. The t values for the 
mean changes were found to be less than the 2.01 which is required for 
a significant difference at the 5 per cent level of confidence. 
The results for the initial and final flexibility tests for the 
experimental group showed increases in three measures and decreases in 
two of these variables. Increases in flexibility were recorded for 
shoulder extension, shoulder flexion, and range of hip movement. These 
increases were not significant, the highest t-ratio being .713. De-
creases in the mean scores were recorded for the range of movement of 
the right elbow and the right knee. The decrease in the range of elbow 
movement was not significant. The decrease in the range of movement 
' 
of the right knee was significant well beyond the 5 per cent level of 
confidence, as a t-ratio of 2.659 was found. 
An analysis of the data on the final flexibility tests for the ex-
perimental and control groups showed a significant difference in the 
mean scores in the range of hip movement. This difference, an increase 
in movement of the hip joint for the experimental group, was significant 
beyond the 1 per cent level 9f confidence. A decrease in the range of 
knee movement for the weight-trainees over the controls approached, but 
did not reach, the 5 per cent level of confidence. The t value for this 
measure was recorded as 1.927. 
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Speed.-- The lapse time for the speed of arm and leg movements for 
the control group decreased, i.e., they became faster, between the 
initial and final tests. The mean changes in arm and leg speed were 
-.123 and -.101 respectively. The t values for these mean changes were 
1.836 and 1.310, which are below the 2.01 required to be significant at 
the 5 per cent level of confidence. 
The experimental group also became faster in the speed of arm and 
leg movements between the initial and final tests. The mean change in 
arm speed was -.533. The t-ratio for this change in mean score was 
6.663 and is significant well beyond the 1 per cent level of confidence. 
In leg speed the mean change was -.377 and the t-ratio was recorded at 
4.167. This difference is also beyond the 2.68 required to be signif-
icant at the 1 per cent level of confidence. 
The significant difference in means for the experimental and con-
trol groups was shown by the t-ratios of the final test comparisons. 
The t value of 4.243 in the speed of leg movements for the weight-
trainees over the controls is significant; the significant difference 
was recorded at the 1 per cent level of confidence. No significant 
difference of means was recorded in the speed of arm movement between 
the two groups. However, on the initial arm speed test the control 
group was significantly faster, at the 1 per cent level, than the ex-
perimental group. The weight-trainees significantly improved their 
mean score between the initial and final tests; the control group also 
improved their score, but not significantly. Therefore, it appears 
reasonable to assume that the experimental group showed a significant 
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difference in arm speed over the control group even though the critical 
ratio of the mean difference of the final test does not indicate a sig-
nificant difference. 
Strength.-- The control group showed a decrease and an increase in 
the two strength variables between the initial and final tests. A 
slight mean change of -.004 was recorded in right hand grip strength; 
this change was not significant. A mean increase of 68.960 pounds was 
recorded for leg strength. The critical ratio of 1.838 was less than 
the 2.01 required to be significant at.the 5 per cent level of confi-
dence. 
The experimental group recorded increases in both hand grip and 
leg strength between the test and the retest. The mean changes were 
6.540 and 205.000 pounds respectively. The.t value for the mean dif-
ference of hand grip strength, 3.014, and for leg strength, 4.607, were 
significant at the 1 per cent level of confidence. 
A comparison of the final test scores for the two groups showed 
an increase in the strength variables for the weight-trainees over the 
controls. In hand grip strength the t-ratio was recorded at 2.219, a 
difference which is significant at the 5 per cent level of confidence. 
A t-ratio of 3.574 in leg strength is significant at the 1 per cent 
level of confidence. 
Anthropometric measures.-- The control group recorded mean in-
creases in the anthropometric measures between the initial and final 
tests. These changes were slight and were not significant. 
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The weight-trainees also recorded mean increases in the anthropo-
metric measures between the initial and final tests. The only signif-
icant mean increase-was found in upper arm girth; the t value of 3.200 
was sufficiently high to be considered significant at the 1 per cent 
level of confidence. 
An analysis of the mean changes on the final tests of the anthro-
pometric measures reveals one significant difference between the experi-
mental and control groups. This difference occurred in the girth of 
the upper arm and was in favor of the experimental group. The t-ratio 
of 2.339 is significant at the 5 per cent level of confidence. 
CHAPTER V 
RESULTS OF THE STUDY 
1. S UIIDDary 
Purpose of the study.-- The primary purpose of this study was to 
investigate the relationship between systematic progressive resistance 
exercise and the range of se!ected joint movements, speed of arm and 
leg movements, and hand and leg strength in adolescent boys. A second-
ary purpose was to determine the effect of the weight training program 
on selected anthropometric measurements. 
To check the homogeneity of the two study groups the writer began 
the investigation with the null-hypothesis that no significant differ-
ences existed in the range of joint movements, speed of arm and leg 
~vements, hand and leg strength, and selected anthropometric measure-
ments between the study groups. This was verified in all variables ex-
cept speed of arm movement, in which the control group was superior to 
the experimental group. 
Review of procedures.-- In carrying out the purposes of this in-
vestigation, a 14-item test battery was devised. The items included 
five measures of flexibility, two tests of speed, two tests of strength, 
and five anthropometric measurements. One hundred boys enrolled in high 
I 
school physical education classes participated in the experiment. The 
investigafion was conducted over a 12-week period. 
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Four of the five measures of flexibility were recorded with the 
use of a flexometer. This instrument contained a weighted pendulum 
centered on a 360° protractor strapped to the part of the body being 
measured. Shoulder extension was determined with the use of sliding 
calipers. 
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The speed of movement tests were conducted with specifically de-
vised mechanisms which were designed to automatically record lapse time 
for a specified number of revolutions. The rate of arm movement con-
sisted of turning a six-inch-radius crank in the sagittal plane 18 rev-
olutions. The speed of leg movement was determined by pedaling an un-
loaded bicycle mechanism 20 revolutions. Time for these measurements 
was recorded to the one-hundredth of a second. 
Measurements of hand-grip strength and leg strength were deter-
mined with standard strength testing equipment: Smedley Hand Dyna-
mometer and an A. G. Tieman and Company back and leg dynamometer. 
Five anthropometric measurements were included in the study, 
height, weight, and circumference of the upper arm and lower leg. Age 
was also recorded. 
The experiment was conducted with the assistance of 100 high 
school sophomore boys regularly enrolled in the required physical edu-
cation program at two schools. Fifty boys from Bellingham High School, 
Bellingham, Washington, composed the weight training group. A similar 
number of boys from Mt. Baker High School, Deming, Washington, were se-
lected as the control group. The groups were equated on the basis o·f 
ag<L hand-grip strength, and two measurements on the Wetzel Grid, iso-
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developmental level and developmental channels. 
Training sessions for the two groups meeting three times a week 
for a 12-week period were conducted during the scheduled physical edu-
cation period. The experimental group engaged in seven progressive re-
sistance exercises designed to exercise the major muscle groups of the 
body, with emphasis on the development of arm and leg strength. The 
control group participated in the regular activities taught in the phys-
ical education program; weight training was not included in these activ-
ities. 
2. Conclusions 
An analysis of the final test data revealed significant mean dif-
ferences in hip flexibility, leg speed, leg strength, hand-grip strength, 
and upper arm girth for the experimental group over the control group. 
The control group recorded no significant differences on any of the 
items of the test battery. 
The following conclusions appear tenable: 
1. To the extent that the experimental group engaged in the weight 
training exercises in this study, no over-all changes in the 
range of joint movement were recorded. The only significant 
mean change in flexibility, recorded at the 1 per cent level 
of confidence, appeared in an increase in the range of hip move-
ment for the weight-trainees. 
2. Twelve weeks of systematic weight training produced an increase 
in the rate of leg movements as measured in this study. The 
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increase compared to the control group was significant beyond 
the 1 per cent level of confidence. 
3. Participation in the weight training exercises produced a sig-
nificant mean gain in hand-grip strength for the experimental 
group. The difference was significant at the 5 per cent level 
of confidence. 
4. The weight training program resulted in an increase in leg 
strength for the weight-trainees. The difference over the non-
weight-trainees was significant at the 1 per cent level of con-
fidence. 
5. A significant mean increase in upper arm girth was recorded for 
the experimental group. This increase was recorded at the 5 
per cent level of confidence. 
6. A 12-week systematic weight training program, performed in a 
manner as described in this study, was of sufficient duration 
to induce change in the individuals taking part. Significant 
differences at the 1 per cent and 5 per cent levels of confi-
dence led to the rejection of the null-hypothesis in hip flex-
ibility, rate of leg movement, leg and hand-grip strength, and 
upper arm girth. 
7. There appeared to be no detrimental effects on flexibility, 
speed, and strength as measured in this study on the adoles-· 
cent boys who engaged in 12 weeks of systematic progressive 
resistance exercises. 
3. Limitations 
There are certain limitations which have been recognized by the 
writer as factors which may have influenced the outcomes of this in-
vestigation. These factors are as follows: 
1. The groups were comprised of high school students from two 
cities in the northwesternmost part of the United States. 
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These boys may or may not be representative of high school stu-
dents found throughout this country. 
2. The lack of sophomore boys in the initial control group made 
it necessary to have a one-year lapse in time before another 
group from the same school could go through the 12-week experi-
mental period, 
3. The writer had direct control over the weight trainees during 
the exercise periods, and all participants were urged to per-. 
form to near maximum effort at each practice period. It is not 
likely that the control group participated in the activities in 
their physical education program to the same degree. 
4. Recommendations for Further Study 
In view of the findings of this study, it is the recommendation of 
the writer that the following areas be given consideration for further 
study: 
1. Investigate the effect of partial and full range of movements 
during progressive resistance exercises on the flexion and ex-
tension of various bodily joints. 
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2. Investigate the relationship between strength and flexibility 
with the use of larger samples and varying age groups. 
3. Investigate the relationship of progressive resistance exer-
cis~s to the rate of leg movements" and running speed. 
4. Investigate further the relationship between increased strength 
and speed of movement, 
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EXERCISES AND PROCEDURES FOR WEIGHT TRAINING 
I 
1:
1
• Two-hand press: Take a comfortable stance in front of the bar bell 
with the feet slightly spread. Bend over and grasp the bar, thumbs 
under, at a position slightly wider than shoulder width. Lift the 
bar bell and asaome an erect position with the palms turned upward 
and the bar resting in the palms and on the upper part of the chest. 
With both hands push the bar bell to an extended arm position above 
the head. Lower the bar gently to the upper chest and repeat the 
exercise. 
2. Sit-ups: Assume a prone (lying) position on the floor. Take a 
weight in the hands and place behind the neck. Through the use of 
):he "stomach" muscles come to a sitting position. Gently lower to 
the prone position and repeat the exercise. (A partner will hold on 
the performer's ankles to prevent the feet from raising from the 
~loor.) 
I 
3. B'ent over rowing: Stand with the legs a comfortable distance apart, 
about shoulder width, keep the legs straight, Lift the bar slightly 
off the floor and then pull it up until it touches the chest. Lower 
the bar to arms length and repeat the exercise. 
4. Squats: Standing erect with the feet spread about shoulder width, 
the performer lifts the bar bell and places it in a position resting 
on the back of the neck. With the back kept straight and the heels 
off the floor, the performer bends the knees to< a three-quarters 
sqUat position and then returns to the erect position. 
I 
\ 
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5. Bench press.: Take a prone (lying) position on a bench with the 
feet resting on the floor. The helpers lift the bar bell and place 
it in position on the performer's chest. The performer grasps the 
bar, thumbs under, and pushes it to the extended arm position over-
head. The bar is lowered to the chest and the exercise is repeated. 
The helpers remove the bar from the performer. 
6. Two arm curl: The performer stands erect with both hands grasp~ng 
the bar, thumbs over, and the arms at the sides holding the bar bell 
in front of the thighs. The bar is lifted to the shoulders by bend-
ing for forearms completely on the upper arms. The elbows are then 
raised upward. The bar is lowered to the thighs and the exercise is 
repeated. (During the lift the back must be kept straight.) 
7. Raise on toes: Standing erect with the feet slightly spread, the per-
former lifts the bar bell and places it in a position resting on the 
back of the neck. Keeping the back straight, the performer raises as 
high as possible on his toes maintaining his balance. Lower the heels 
to the floor and repeat. 
(please print) Name ----~~-----------~~~--------~~------------last middle first 
Parents Name ------------------------------------------------------------
Home Address ------------------------------------------------------------
Date ________ 19 __ Date of Birth---------------
Do you have a family doctor? YES NO Doctor's Name 
---------------'---
In case of injury in Physical Education class what doctor should be 
notified? 
Have you ever been troubled with hernia? YES NO Date of this trouble 
Do you believe that you are subject to strains 
or pulled muscles by lifting heavy weights? YES NO 
Does your mother or father know that you are going to lift weights ·in 
this class? YES NO 
Do they have any objection to your lifting weights? YES NO 
Do you know how to ride a bicycle? YES NO 
Approximately how long have you been able to ride a. bicycle? 
Do you now own a bicycle? YES NO 
How often do you ride your bicycle? 
Have you ever done any weight lifting? YES NO 
For how long a period did you lift weights? 
Was this weight lifting done under the supervision of an instructor or 
on your own? INSTRUCTOR ON YOUR OWN 
When was the last time you lifted weights? 
Are you doing any part-time work or chores that require the lifting of 
heavy objects? Explain -------------------------
Do you regularly do calisthenics outside the physical education classes? 
YES NO 
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DATA SHEET 
NAME ----~~----------~~--------~~------last middle first (Please print) 
ANTHROPOMETRY 
Age ------~y~e~a~r~s~~~~m~o~n~t~h~s~-----
weight ---------------------------
height ------~f~e~e~t~ ____ ;i~n~c~h~e~s~-----
right bicep -----------------------
right calf -----------------------
FLEXIBILITY 
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right shoulder 
extension ----------------
flexion ------------------
right elbow 
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flexion 
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flexion 
--------------
right knee 
extension ----------------
SPEED OF MOVEMENT 
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I 
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I 
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arm 
legs 
seat height bar height 
STRENGTH 
l 
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2 
I 
3 
hand 
legs 
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APPENDIX B 
Table 6. Experimental Data--Non-Weight-Trainees 
Leg . - -Hand Leg----- Arm 
Control Age Strength Strength Speed Speed 
Group (months) (_1bs) _(lbs) \ (sec) (~ec) 
Re; Re- Re- Test Re-Test 
'fest Test test Test test test 
1 ]!83 921 1055 103.4 99.0 6.30 6.05 4.65 4. 63 
2 198 885 958 105.6 112.2 5.83 5.81 4.15 4.17 
3 187 1219 1142 114.4 116.6 7.04 6.46 4.64 4.69 
4 184 1184 1177 107.8 116.6 6.38 6.41 3. 95 3,68 
5 202 903 830 125.4 114.2 6.35 5.82 4.29 3,91 
6 185 605 750 92.4 99.0 6.32 6.60 4.41 4.42 
7 188 903 987 114.4 125.4 6.18 6.59 4.17 4. 74 
8 185 1007 1007 101.2 103.4 6.30 6.11 4.06 4.06 
9 182 912 1035 101.2 99.0 7.10 6.89 5.12 5.27 
10 186 899 1075 88.0 88.0 5.94 6.37 4.08 4.02 
11 180 677 858 85.8 68.2 6.28 6.46 4.45 4.61 
12 180 731 750 125.4 129.8 6.94 6.81 5.02 4.62 
13 187 805 705 129.8 121.0 6.26 6.16 4.84 4.42 
14 188 731 967 101.2 112.2 6.30 6.07 4.18 4.68 
15 196 611 840 107.8 105.6 5.79 6.26 4.49 4.42 
16 187 885 885 110.0 114.4 5.91 5.75 4.15 3.73 
17 199 1228 1180 143.0 132.0 7.31 7.17 5.07 4.91 
18 206 1045 1246 118.8 110.0 6.24 6.16 5.27 4.68 
19 182 556 611 103.4 103.4 7. 25 6.82 5.10 4.93 
20 199 650 723 88.0 83,6 6.35 6.00 4.56 4.59· 
21 187 1085 1335 110.0 112.2 7.05 6.68 5.06 4.69 
22 191 723 650 96.8 96.8 7.17 6.99 4:55 4.37 
23 190 il90 770 114.4 103.4 6.41 6.14 4. 74 4.65 
24 193 780 903 123,2 123,2 6.92 6.60 5.17 4. 66 
25 187 820 820 101.2 99.0 6.45 6.53 4. 73 4.38 
(concluded on next page) 
·lJpper Arm 
Girth 
_(inches}_ 
Test Retest 
11.375 11.250 
13.500 13.500 
11.750 11.750 
13.000 13.250 
12.000 11.875 
11.625 11.500 
11.500 11.625 
12.750 13.000 
13.500 13 .soo 
11.500 11.500 
10.500 10.500 
13.500 13.250 
12.750 12.875 
12.250 12.125 
11.500 11.875 
11.750 12.500 
12.500 liL 250 
13.250 13.250 
10.500 10.125 
12.125 12.125 
13.125 13.625 
11.500 11.125 
12.325 12.500 
12.500 12.875 
12.500 12.500 
Calf 
Girth 
_(_inches}_ 
Test Retest 
13.500 13.375 
13.750 13.750 
15.250 14.875 
15.125 15.375 
13.500 13.500 
13.750 14.000 
13.500 13.175 
15.875 15.625 
16.625 16.500 
14.250 14.500 
13.000 13.250 
15.000 15.500 
14.750 15.500 
14.375 14.250 
14,000 14.250 
14.125 14.500 
16.500 16.875 
14.500 14.750 
12.500 12.125 
14.500 13.875 
15.750 15.500 
14,500 14.250 
14.750 14.875 
14.875 14.875 
14.375 14.250 .... .... 
"' 
--~ 
Table 6. (concluded) 
Leg Hand 
Control Age Strength Strength 
Group (months) · (lbs) (lbs) 
Test Re- Test Re-test test 
26 201 862 940 90.2 92.4 
27 183 1035 977 85.8 94.6 
28 189 1075 1291 116.6 110. ()' 
29 186 849 800 103.4 103.4 
30 186 686 740 77 .o 74.8 
31 189 885 820 99.0 101.2 
32 190 921 945 105.6 105.6 
33 195 940 1035 96.8 99.0 
34 184 695 770 92.4 96.8 
35 190 506 650 90.2 92.4 
36 190 1095 1440 105.6 123.2 
37 199 1045 1201 118.8 121.0 
38 .• 191 1002 967 99.0 96.8 
39 183 468 520 83.6 74.8 
40 195 750 760 136.4 140.8 
41 198 810 1025 110.0 116,6 
42 194 903 1192 105.6 101.2 
43 192 949 912 99.0 105.6 
44 184 840 977 127.6 116.6 
45 188 659 780 92.4 88.0 
46 190 871 849 101..2 105.6 
47 183 677 840 79.2 81.4 
48 191 997 780 105.6 105.6 
. 49 :L82 101_6 935 154.0 154.0 
so 191 686 820 88.8 85.8 
Leg Arm) 
Speed 
(~ec) 
Speed 
(~ c) 
Test Re- Test Re-test test 
6.09 6.18 4.48 4.38 
6.12 5.85 4. 90 4.40 
6.13 6.02 4.40 4.29 
6. 77 6.16 4.18 4.19 
6.26 6.29 4.55 4.41 
6.53 5.97 4.57 4.61 
6.03 5.83 4. 76 4.45 
6.38 6.51 4.21 3.85 
6.32 6.60 4.50 3.99 
6.66 6.51 4.51 4.09 
6;15 6.18 4:45 4.61 
5.94 6.05 4.26 4.01 
5.52 5.90 4.54 4.12 
6.92 6.94 4.48 4.26 
6.35 6.23 4;33 4.26 
6.69 6.53 4. 79 4.90 
5.76 6.02 4.57 .4.28 
7.15 6.49 5.02 4.94 
-6.64 6.53 4.29 4.20 
6.21 6.21 4.16 4.17 
6.53 7.04 4.46 4.44 
6.51 6.46 4.19 4.39 
6.68 6.27 4.25 4.51 
6.64 5.91 4.52 4.47 
6.47 6.38 4.46 4.46 
·-
-
Upper Arm 
Girth 
(in hes) 
Test Retest 
12.250 12.500 
10.000 10.500 
12.500 12. 625 
11.500 11.750 
11,625 12.000 
11.250 11.875 
13.125 13.875 
11.000 10,875 
11,500 11.500 
10.750 11.250 
13.625 13.500 
11.500 11.500 
10.500 10;500 
11.250 11.250 
12.000 12.125 
10.375 10.375 
12.375 12.625 
11.500 11.375 
13.125 13.500 
11.000 11.000 
11.500 11.500 
11.750 11.875 
11.500 11.500 
12.500 12.875 
.. 
10.500 10.875 
-
Calf 
Girth 
(inches) 
Test Retest 
13.875 14.000 
13.000 12,625 
14.500 14.375 
14.500 14.625 
13.125 13.625 
13.000 12.750 
14.000 14.125 
13.500 13.375 
13.250 13.625 
13.250 13.250 
16.000 16.000 
13.500 13.875 
13.500 13.500 
14.625 14.625 
14.250 14.125 
13.500 13.500 
13.250 13.500 
14.000 14.625 
14.250 15.000 
13.250 13.375 
13.750 13.875 
13.625 13.875 
13.875 13.875 
14.500 14.125 
13.750 13.750 
1-' 
N 
0 
Table 7. Experimental Data--Non-Weight-Trainees 
Elbow Hip 
Control Height Weight Flexibility Flexibility 
Group (inches) (lbs) (range) (range) 
(degree) (degree) 
Test Re- Test Retest Test Re- Re-test test Test test 
l 70,50 70.50 134.00 132.7 5 141 134 107 109 
2 63,00 63.25 146.00 147.00 135 141 121 125 
3 72,00 72.00 152.50 150.00 153 149 113 107 
4 70.00 70.50 161.50 160.25 139 143 72 71 
5 67.50 67.50 135.00 133.00 133 136 119 129 
6 66.00 67.00 131.50 133.50 155 153 106 103 
7 71.25 71.25 143.50 142.00 149 144 106 100 
8 65.00 65.75 149.00 149.50 151 147 61 65 
9 70.00 70.50 185.00 186.50 154 157 115 120 
10 71.25 71.25 147.00 145.50 139 145 123 117 
11 67.25 67.25 123,25 124.00 143 145 no 93 
12 70.00 70.00 172.50 174.00 141 140 87 73 
13 68,00 68.50 150.00 156.25 137 131 75 72 
14 71.50 72.00 161.25 168.50 152 152 93 95 
15 70.50 70.75 143.00 145.50 151 149 no 128 
16 72.00 72.25 142.50 138.00 144 153 89 90 
17 71.00 71.25 158.25 155.00. 128 138 101 95 
18 69.25 69.50 170.00 169.50. 143 150 107 111 
19 69.25 70.00 143.00 147.00 150 153 96 97 
20 64.00 64.25 129.00 134.00 146 146 90 85 
21 67.50 67.50 168.00 168.25 130 129 88 89 
22 70.00 70.25 142.00 145.00 145 146 98 86 
23 71.00 71.25 169.00 169.00 136 138 94 91 
24 71.00 71.00 157,00 158.25 138 140 105 85 
25 .. 69.50 69.50 141.00 141.00 137 139 - 84 84 
(concluded on next page) 
Knee Shoulder 
Flexibility Flexion 
(range) 
Cde<>ree) 
(degree) 
Re- Re-Test test Test test 
141 143 65 64 
128 132 35 39 
144 149 36 41 
131 135 42 44 
133 139 75 31 
141 139 46 58 
125 133 31 36 
146 144 70 68 
131 129 38 38 
136 138 54 59 
137 139 34 33. 
135 136 32 31 
145 137 36 34 
134 127 60 55 
151 151 48 42 
142 143 55 58 
140 141 34 36 
143 140 56 54 
146 144 32 34 
137 ,143 35 39 
136 134 40 38 
144 151 31 21 
138 133 42 47 
130 138 36 41 
135 .. 137 42 54 
Shoulder 
Extension 
(inches) 
Test Re-test 
10.375 11.375 
13.250 12.750 
14.125 16.250 
11.500 12.875 
11.500 12.750 
11.875 12.750 
12.375 12,250 
13.500 14.500 
6.500 6.750 
8.250 8,250 
6.500 9.250 
13.625 13.500 
20.000 19.500 
6.750 10.750 
8.500 10.750 
8.500 8.250 
15.750 16.250 
9.750 9.500 
11.500 13.250 
14.375 13.250 
6.750 4. 750 
12.750 13.875 
13.7 50 12.875 
15.500 15.375 
-10.500. 9.500 1-' tv 
1-' 
Table 7. (concluded) 
Elbow 
Control Height Weight Flexibility 
Group (inches) (1bs) (range) 
(degree) 
Test Re- Test Retest Test Re-
' test test 
26 66.50 67.00 145.00 143.00 143 144 
27 68.75 68.75 116.00 115.75 151 155 
28 68.00 68.25 153.75 155.00 141 142 
29 65.75 66.00 153.00 155.00 145 145 
30 66.25 66.25 122.00 121.50 140 144 
31 70.75 70.75 142.75 142.00 156 154 
32 65.50 65.50 135.50 135.00 143 136 
33 69.50 69.75 134.00 136. 00 141 142 
34 68.00 6.R.OO 142.25 142.00 150 145 
35 70.50 70.75 133.75 137.50 140 147 
36 67.75 67.75 207.00 208.00 139 149 
37 69.00 69.25 140.25 144.00 142 139 
38 69.00 69.50 128,00 130.00 141 151 
39 65.00 65.00 126.00 128.25 155 154 
40 69.25 69.25 150,00 155.00 158 162 
41 69.00 69.25 136.00 138.00 129 127 
42 66.50 66.50 128,50 130.25 135 138 
43 69.50 69.75 141.25 150,00 145 136 
44 70.00 70.00 167.00 166.00 147 151 
45 71.50 71.50 138.25 139.75 154 159 
46 72.50 72.50 147.75 148.25 156 158 
47 69.00 69.25 138.00 136 .so 144 145 
48 69.25 69.25 140.25 139.00 144 147 
49 74.50 74.50 159,00 160 .so 151 152 
50 67.50 67.50 122.50 127.00 143 139 
Hip Knee 
Flexibility Flexibility 
(range) 
(de_gree) 
(range) 
(de ree) 
Test Re- Test Re-test test 
106 105 132 147 
138 135 134 147 
81 70 138 146 
79 86 136 135 
86 87 140 139 
113 118 145 146 
112 105 128 140 
110 108 134 145 
110 113 138 138 
102 99 151 149 
113 112 140 137 
88 88 138 146 
99 102 130 138 
96 103 150 150 
115 116 153 144 
108 102 134 140 
120 115 144 140 
107 93 149 133 
123 122 138 128 
108 112 152 141 
93 100 116 116 
111 114 145 139 
129 111 132 143 
l26 129 134 135 
111 105 135 147 
Shoulder 
Flexion 
(degree) 
Test Re-test 
25 29 
32 31 
34 . 34 
51 56 
55 46 
41 38 
21 24 
38 42 
46 53 
45 60 
66 57 
66 57 
32 35 
60 56 
7l 69 
26 28 
30 28 
30 34 
52 56 
57 59 
36 28 
67 62 
24 32 
29 34 
39 36 
Shoulder 
Extension 
(inches) 
Test Re-test 
13.750 13.1.25 
15.250 15.875 
13.500 12.625 
7.250 8.250 
9.500 10.750 
9.250 9.250 
11.625 12.750 
17.500 16.250 
14.500 12.875 
6.500 6.750 
11.250 12.875 
16.875 18.250 
15.500 14.875 
6.500 5.500 
8.000 6.750 
12.500 l3 .875 
12.250 13.500 
8.500 l3 .250 
22.250 20.250 
4.250 3.500 
6.500 8.250 
12.125 l3. 750 
12.250 11.875 
12.500 12.500 
13-.500 13.625 
,... 
"' N 
Table 8, Experimental Data--Weight-Trainees 
Experi- Age Leg Hand Leg Arm 
mental (months) Strength Strength Speed Speed 
Group (lbs) (lbs) (~ec) (~ec) 
Test Re- Test Re- Test Re- Test Re-test test test test 
l 199 858 1050 96.8 110.0 5.80 5.76 5.22 4.22 
2 192 810 940 105.6 114.4 5.84 5,88 4. 7.5 4.23 
3 184 800 1035 112.2 112.2 6,31 6,15 4.69 4.31 
4 188 1169. 1410 110,0 116.0 5.51 5.40 4.66 4.08 
5 189 1380 1133 116.6 116.6 6,10 5.85 4. 98 4.05 
6 197 997 1085 112.2 121.0 6.21 6.40 5.10 4.37 
7 198 977 1162 107,8 121.0 6.58 5.81 4. 73 4.03 
8 182 1025 1147 125.4 125.4 6.34 5. 75 4.41 3-.74 
9 181 949 1192 92.4 94.6 6.18 6.02 5.17 3.90 
10 192 639 894 99.0 107.8 5.89 5.68 5.04 4.13 
11 186 949 1045 101.2 107.8 5.76 5. 91 5.59 4.84 
12 187 780 1040 88,0 92.4 6,86 5.86 4.88 4.60 
13 194 750 940 107.8 114,4 6.01 5.44 4.56 4.00 
14 188 949 1309 107.8 118,8 7.34 6.50 5.52 4.49 
15 186 780 895 88.0 101.2 6.62 6.12 5.20 5.02 
16 189 780 1065 99.0 116,6 6.28 6.12 5.33 4.34 
17 188 760 1010 116,6 110,0 6.58 6.04 4.67 4.14 
18 186 650 840 96,8 107,8 6,17 5.94 4.91 4. 71 
19 186 750 921 105.6 114.4 6.40 7.12 4.68 4.46 
20 187 830 1085 101.2 105,6 6,22 5.76 4.62 3,97 
21 190 728 780 121.0 127.6 6.99 6.13 4.75 4.20 
22 175 600 958 107.8 118.8 -6,51 6.14 5.05 4,80 
23 186 858 1317 103.4 107.8 6.87 5.84 5.50 5.03 
- 24 188 876 1196 107.8 105.6 5.62 5.67 4.46 4.32 
25 189 940 1272 96.8 llO.Cl 6 :ss 6.19 4.70 4,24 
(concluded on next page) 
--
Upper Arm 
Girth 
(inches) 
Test Retest 
11.500 12.375 
11.500 11.875 
11.250 11.500 
12.375 12.625 
11.750 12.375 
12.000 12.500 
12.750 13,625 
11.500 11.875 
12.500 13.625 
10.000 10.125 
13.500 13.875 
11,500 12,125 
11.000 12.875 
l3 .500 14.500 
11.000 11,125 
11.125 12.000 
11.250 11.875 
10.375 11,500 
10.250 11.750 
11.750 11.875 
12.000 12,375 
13,250 14,500 
13.500 14.375 
11.500 11.625 
10.750 18.500 
-----
Calf 
Girth 
(inches) 
Test Retest 
13.500 13.500 
13.000 12.500 
15.000 15,000 
14.500 14.875 
14.000 14.250 
13,250 13.7 50 
14.500 15.125 
12.750 12.750 
13.250 13.875 
12.125 13.37 5 
16.500 16.750 
14.000 14.500 
13,500 13,375 
16.250 16.500 
13.500 13.375 
14.000 14.000 
14.125 14.250 
l3 .125 13.125 
13.750 14.125 
13,500 13.250 
12.250 12,375 
15.500 15.250 
16.000 16,375 
13.500 13.375 
13.000 13.250 
,_.. 
N 
w 
Table 8. (concluded) 
-
Experi- Age Leg Hand Leg Arm Upper Arm Calf 
mental (months) Strength Strength Speed Speed Girth Girth 
Group ().bs 5 (lbs) (~ec) (~ec) (inches) (inches) 
Test Re- Test Re- Test Re- Test Re- Test Retest Test Retest test test test test 
26 199 723 790 101.·2 114.4 6.04 5.87 4.59 4.38 11.375 11.750 14.000 14.125 
27 194 695 867 96.8 103.4 5.64 6.48 4.79 4.03 11.500 12.375 14.500 14.250 
28 183 545 840 83.6 90.2 6.45 6.05 4.87 4.37 11.000 11.250 12.750 l3 .375 
29 184 1125 997 121.0 116.6 6.40 5.85 4.66 4.06 11.750 12.500 13.125 l3. 875 
30 185 967 1016 116.6 112.2 6.59 5.80 4.98 4.35 12.750 13.500 14.500 14.750 
31 188 616 862 96.8 107.8 6.56 6.04 5.37 4.35 11.875 12.250 13.750 1:3.875 
32 187 1156 1060 96.8 90.2 7.31 6:82 5,38 4.58 13.000 13.750 14.750 15.125 
33 184 1246 1634 123.2 116.6 6.06 5.71 4.82 4.55 13.500 14.125 15.750 15.750 
34 201 849 1420 103.4 112.2 6. 77 5. 78 4.58 4.21 12.500 13.750 14.500 15.125 
35 184 977 1263 94.6 103.4 6.36 5.87 4.71 4.27 11.750 12.250 13.000 13.125 
36 186 611 668 101.2 110.0 6.31 6.20 4.93 5.28 10.625 11.500 l3. 000 13 .12o5 
. 37 190 650 967 121.0 110.0 7.48 6.46 6.10 4. 93 12.000 12.500 15.000 15.500 
38 194 800 867 132.0 138.6 7.15 6.68 6.34 4.45 11.750 12.500 13 .uoo 13.875 
39 184 1201 1353 90.0 94.6 7.41 5.57 5.32 4. 74 12.87.5 13.125 14.750 14.750 
40 186 958 1156 99.0 99.0 5.65 5.51 4.08 3.97 11.500 11.875 13.250 13.375 
41 202 849 967 107.8 118.8 6.10 5.85 4.35 4.31 11.500 12.000 14.125 14.250 
42 203 1016 1205 90.2 105.6 6.16 5.56 4.13 3.93 12.000 12.375 14.250 14.750 
43 190 532 810 101.2 99.0 6.24 6,54 4.53 4.30 10.500 11.250 14.250 14.375 
44 187 800 967 101.2 107.2 6.54 5.88 4.82 4.85 11.750 12.250 14.250 14.125 
45 192 765 1445 107.8 125.4 6.30 5.97 4.29 3.99 13.000 13.375 14.750 14.875 
46 198 1616 1652 123.2 136.4 5.88 5,66 4.27 4.00 12.750 13.250 13.750 14.500 
47 205 705 1085 118.8 121.0 7.40 6.97 5.04 4. 73 13.375 14.000 14.750 15.125 
48 193 858 1192 94.6 105.6 7.10 6.64 5.25 4.33 11.500 12.125 15.500 15.500 
49 201 1430 1445 112.2 127.6 5. 74 5.52 4.42 4.29 12.500 12.500 14.375 14.625 
50 185 760 1035 96.8 121.0 6,63 6.21 4. 79 4.48 10.750 11.125 14.125 14.125 ,_. 
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Table 9, Experimental Data--Weight-Trainees 
----- - - -· --- -·-· -
Experi- Elbow Hip 
mental Height Weight Flexibility Flexibility 
Group (inches) (lbs) (range) 
(de re~) 
(range) 
Cde re~) 
Test Re- Test Retest Test Re- Test Re-test test test 
1 69.50 70.25 143.50 142.00 134 127 141 133 
2 67.50 67.50 127.50 130.00 143 148 12.5 110 
3 71.25 72.25 155.00 157.50 144 149 100 98 
4 70.00 70.25 148.00 159.00 144 137 112. 112. 
5 69.50 70.25 146.00 148.00 147 139 118 115 
6 68.00 68.25 136.00 138.50 141 143 97 110 
7 67.50 68.00 162..50 167.00 147 139 113 119 
8 67.25 68.00 133.50 137.25 144 149 116 146 
9 67.25 67. 2.5 140.50 142.. 00 132 139 97 90 
10 67.75 68.00 112.50 113.00 152 159 98 _98 
11 71.50 71.75 180.00 187.00 156 150 101 107 
12. 63.50 64.25 127.00 12.7.00 154 156 12.5 129 
13 I 67.50 67.50 133.50 137.00 144 135 12.4 133 
14 71.00 72.50 174.00 179.50 148 141 102 105 
15 68.00 68.00 136.50 136.50 142 141 12.0 123 
16 68.50 69.50 137.00 146.00 166 158 105 98 
17 72.0_0 72.50 154.00 157.25 134 142. 96 96 
18 69.25 70.00 134.00 137.50 150 149 109 116 
19 67.50 68.2.5 130.50 41.50 159 147 96 12.2 
20 67.00 67.25 135.00 135.00 141 134 82 75 
21 66.25 66.75 12.5.00 128.00 142 146 101 104 
2.2. 70.25 70.75 190.00 195.50 149 151 88 90 
23 66,00 66.00 181.00 IL85. 00 122 H9 -100 100 
24 71,00 71.25 136.00 136.00 152 148 123 125 
25 69.25 70.25 132.50 li3li. 00 142 140 100 101 
(concluded on next page) 
----- - -
Knee Shoulder 
Flexibility Flexion 
(range) 
ide re~) 
(degree) 
Test Re- Test Re-test test 
145 137 31 45 
157 132. 46 54 
137 133 40 34 
134 12.5 40 .34 
135 132 32. 2.2. 
134 138 50 48 
150 147 46 44 
157 141 39 40 
161 156 46 49 
152. 137 40 35 
133 134 41 42 
140 130 40 37 
124 133 41 41 
143 145 35 40 
140 12.8 46 42 
155 147 54 54 
135 141 58 49 
148 149 30 43 
130 134 25 43 
138 129 46 37 
136 138 29 45 
132 142 34 40 
123 117- 35 27 
144 128 42 47 
138 127 40 49 
Shoulder 
Extension 
(inches) 
Test Re-test 
9.500 10.375 
16;500 18.875 
10.500 12..000 
10.500 13.750 
8.500 8.250 
11.000 10.250 
16.12.5 14.750 
12..750 14.500 
17.000 15.500 
15.875 16.125 
12.500 13.87 5 
12.500 14.500 
12.62.5 16.000 
13.375 15.250 
9.62.5 9.625 
16.125 17.250 
16.500 15.000 
15.750 15.000 
15.000 16.750 
17.500 17.500 
9.625 10.250 
11.000 15.750 
6. 750 7.000 
11.000 15.125 
10.000 11.000 
,.... 
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Table 9. (concluded) 
Experi- Elbow 
mental Height Weight Flexibility 
Group (inches) (lbs) (range) 
(de re~) 
Test Re- Test Retest Test Re-test test 
26 67.00 67.50 140.00 143.50 139 137 
27 70.00 70.25 134.00 134.00 157 145 
28 67.25 68.25 123,25 130 0 00 156 152 
29 69.50 72.00 138.00 142.00 155 158 
30 69.00 69.25 162.25 163.75 146 139 
31 68.75 68,75 151,00 145.50 150 143 
32 68.75 69.00 167.50 174.50 141 140 
33 70.00 70.50 188.00 185,75 154 142 
34 67.00 67,25 153.00 156,00 132 124 
35 69.00 69.00 148.75 150,00 152 145 
36 71.50 71.75 136.00 137 0 00 148 145 
37 69.75 70.00 147.25 149.00 155 154 
38 69.25 69.25 136 0 00 138 0 00 132 129 
39 64,75 65.50 158,00 156.00 144 137 
40 67.50 67.50 130.50 135 0 00 145 142 
41 67,00 67,00 137 0 75 141.50 131 129 
42 67.75 68,25 140.00 145.50 139 137 
43 71.25 72.25 138,00 138.50 158 154 
44 71.50 71,50 161.00 164.00 147 144 
45 70.00 70.25 163,50 175.50 136 136 
46 67.50 67,50 154.00 156.00 136 137 
47 70.75 71.25 172.00 171.00 146 138 
48 71.00 71,25 160,00 157.00 153 148 
49 71.50 72,00 158,00 160.00 143 145 
50 68.00 68,25 129.50 .131.50 156 157 
Hip Knee 
Flexibility Flexibility 
(range) 
Cde~rre~) 
(range) 
(de re~) 
Test Re- Test Re-test test 
94 90 146 133 
130 134 158 151 
160 112 139 131 
124 134 105 154 
133 122 125 129 
111 100 144 141 
112 109 138 136 
128 115 126 140 
103 91 147 139 
101 97 149 137 
102 104 144 137 
110 117 145 145 
89 92 134 126 
121 122 152 135 
126 121 136 120 
103 101 133 130 
123 145 135 137 
83 85 147 148 
103 90 145 144 
86 101 136 130 
121 111 132 129 
120 117 140 133 
114 114 146 147 
127 129 150 148 
110 123 145 136 
--L ...... 
Shoulder 
Flexion 
(degree) 
Test Re-test 
37 29 
61 55 
51 49 
58 55 
45 41 
43 51 
18 30 
53 44 
45 40 
43 42 
37 30 
42 37 
33 25 
44 48 
31 37 
44 35 
35 45 
35 44 
30 28 
26 33 
31 31 
43 34 
55 35 
57 52 
46 59 
Shoulder 
Extension 
(inches) 
Test Re-test 
11.125 10.500 
17.500 14.375 
17.125 19.000 
16.375 17.000 
9.750 10.000 
15.500 15.500 
9.375 8.500 
16.500 14.500 
17.875 17.000 
19.375 14.500 
14.500 12,250 
9.000 10.250 
6.250 10.250 
10.000 8,125 
10.125 14.000 
10.750 12.000 
9.500 12.000 
12,250 12.200 
13 0 250 14.000 
5.750 3.750 
11.500 11.000 
12.500 11.250 
10.375 12.125 
13.875 12.125 
14.000 14.500 ..... 
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